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ABSTRACT
The Neotropics are characterized as the most species rich region in the world. Unfortunately, the
region’s unparalleled biodiversity has not protected it from ongoing threats such as agriculture,
mining, logging, oil extraction, and climate change. I studied the biodiversity and evolution of
the herpetofauna of South America in order to investigate the influence of historical geological
and climatological events in shaping extant Neotropical diversity, particularly the Guiana Shield.
For my research, I set out to explore the processes involved in shaping the remarkable extant
diversity using anuran amphibians as models. With my dissertation, I provide a comprehensive
review of the evolutionary history of Guiana Shield biota, synthesizing relevant biogeographic
and phylogeographic investigations to summarize what is presently known, and more
importantly, to prioritize necessary future research. Through rigorous fieldwork, I explored the
herpetofaunal assemblage present in and around an isolated mountain system in central Guyana,
filling in a large sampling gap while simultaneously expanding the list of known herpetofauna
for the country. Using molecular methods, I conducted the most comprehensive geographic
analysis to date exploring the evolutionary patterns and cryptic diversity within the widespread
Rhinella margaritifera species complex, and reveal the presence of many additional lineages
awaiting description within this group throughout its entire distribution. Lastly, I modeled
patterns of anuran biodiversity within the Guiana Shield under past, present, and future climatic
scenarios to understand which regions have been most important for supporting high species
diversity and endemism. I recover core areas throughout the Guiana Shield which have been
most important amphibians and warrant conservation efforts to safeguard them for the future.
ii

Broadly, this work shows that species richness of Neotropical amphibians still remains
underestimated and identifies core areas within the Guiana Shield that are likely to harbor
additional uncovered diversity. Through the combination of fieldwork, molecular techniques,
and predictive modeling, the factors responsible for the generation of extant diversity and the
locations of regional endemism become clearer.

iii

DEDICATION

I dedicate this work to my wife, Lindsey Frank Snyder,
and my family,
for their continuous support, love, and encouragement during my lengthy times away, both in
Mississippi in pursuit of my academic goals, and abroad to collect data.

iv

ACKNOWLEDGEMENTS
It is my pleasure to acknowledge the roles of many individuals and organizations who
were instrumental to my Ph.D. research. First, I would like to thank all who facilitated my
fieldwork in Guyana, in no particular order, for without them this would not have been possible.
Many thanks to Dr. Jake Bicknell, Dr. Raquel Thomas-Caeser, all Iwokrama rangers and
captains, and all Operation Wallacea affiliates. Thanks to everyone associated with the
Biodiversity Assessment Teams, especially Dr. Leeanne Alonso, Aiesha Williams, Charles
Hutchinson, World Wildlife Fund-Guianas, and Global Wildlife Conservation (GWC), for the
opportunity to conduct inventories to promote conservation. Thank you to Drs. Brian O’Shea and
Donald Taphorn for being consistent fieldwork companions, and to Vic Meyer and Clay Bolt for
help as field assistants. Thank you to Diana Fernandes, the Guyana Environmental Protection
Agency, Conservation International-Guyana, the South Rupununi Conservation Society,
Ministry of Indigenous Peoples Affairs, and the University of Guyana for facilitating my
research in Guyana. I am immensely grateful for the staff associated with the herpetofaunal
division of the Smithsonian Museum of Natural History, including Dr. Robert Reynolds, Dr. Roy
McDiarmid, and Steve Gotte, for their instrumental guidance since the beginning.
I owe my deepest gratitude to Dr. Brice Noonan who made everything possible, and my
colleagues who have supported me, especially Tim Colston, Renan Bosque, and the entire
Noonan Lab at Ole Miss, for their encouragement, assistance, and friendship. Support for this
dissertation came from the UM Graduate School, Operation Wallacea, GWC, World Wildlife
Fund-Guianas, and the California Academy of Sciences.
v

TABLE OF CONTENTS

ABSTRACT………………………………………………………………………………………ii
DEDICATION…………………………………………………………………………………....iv
ACKNOWLEDGEMENTS……………………………………………………………….………v
LIST OF TABLES……………………………...………………………………….……………vii
LIST OF FIGURES…………………………………………………………………..................viii
CHAPTER I - THE EVOLUTION OF THE GUIANA SHIELD: HISTORICAL AND
BIOGEOGRAPHIC PERSPECTIVES………………………........………………………………1
CHAPTER II - HERPETOFAUNAL INVENTORY OF CENTRAL GUYANA.……..……….37
CHAPTER III - CRYPTIC DIVERSITY IN THE ENIGMATIC NEOTROPICAL
CRESTED TOAD (RHINELLA MARGARITIFERA) SPECIES GROUP
(ANURA: BUFONIDAE) …………………………………………………………..…141
CHAPTER IV - EXAMINING THE IMPACT OF CLIMATE CHANGE ON
AMPHIBIANS OF THE GUIANA SHIELD USING STACKED SPECIES
DISTRIBUTION MODELS…………………………………………..………………..166
BIBLIOGRAPHY………………………………………………………………………………188
APPENDIX…………………………………………………………………………..…………213
VITA……………………………………………………………………………………............231

vi

LIST OF TABLES
Chapter I.
Table 1. Neotropical Diversification Hypotheses ……………………………………….………27
Chapter II.
Table 1. Sampling sites…………………………………………….………………………….... 44
Table 2. Taxonomic list of amphibians reported from Yupukari Village, Dadanawa
Ranch, and the Kanuku Mountains ………………………………………..…………….47
Table 3. Taxonomic list of reptiles reported from Yupukari Village, Dadanawa
Ranch, and the Kanuku Mountains …………………………………...……………...… 80
Chapter IV.
Table 1: Environmental variables evaluated by variance inflation factor……………….……. 173
Table 2. Variable Contribution Summary ………………………………………….……....…. 176
Appendix
Supplementary Table 1: Amphibian voucher specimens…………………………….…………214
Supplementary Table 2: Reptile voucher specimens……………………………….………..…220
Supplementary Table 3: GenBank Accession numbers for DNA sequences
used in the phylogenetic analysis……………………………………………...….…….223
Supplementary Table 4: Species, Records, and AUC Scores……………………………….….228

vii

LIST OF FIGURES
Chapter I.
Figure 1. Topographical map of South America and the Guiana Shield ………………………... 4
Figure 2. Map of South America depicting the geological shields …………………….…………6
Figure 3. Speciation models proposed to influence the Guiana Shield Diversification…………26
Chapter II.
Figure 1. Map of survey location………………………………………………………………...42
Figure 2. Amphibian species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part I ……………………………………………….………61
Figure 3. Amphibian species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part II ………………………………………………………68
Figure 4. Amphibian species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part III ……………………………………………...………79
Figure 5. Reptile species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part I …………………………………………….…………98
Figure 6. Reptile species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part II ……………………….………………….…………114
Figure 7. Reptile species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part III ……….……………………………………………128
Figure 8. Reptile species present in Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains Part IV………………………………………….…………137
viii

Chapter III.
Figure 1. Supra and post-orbital crest diversity in Rhinella margaritifera species group …..…143
Figure 2. Phylogenetic relationships and geographic distribution of Rhinella
margaritifera clades Part I.……………………………..………………………………148
Figure 3. Phylogenetic relationships and geographic distribution of Rhinella
margaritifera clades Part II ...……………………………………………..……………151
Figure 4. Phylogenetic relationships and geographic distribution of Rhinella
margaritifera clades Part III...………………..………………………...………………153
Figure 5. Phylogenetic relationships and geographic distribution of Rhinella
margaritifera clades Part IV……………………………………………..………….…154
Chapter IV.
Figure 1. Areas of endemism in the Guiana Shield ……………………………………………168
Figure 2. Species richness from stacked species distribution models…………………….……178
Figure 3. Weighted Endemism from stacked species distribution models…………….…….…181
Figure 4. Species richness and weighted endemism maps overlaid with protected areas……...184

ix

CHAPTER I

THE EVOLUTION OF THE GUIANA SHIELD: HISTORICAL
AND BIOGEOGRAPHIC PERSPECTIVES

1

INTRODUCTION
Tropical regions harbor biodiversity levels unparalleled on Earth, yet the processes that
gave rise to this diversity remain poorly understood (Haffer 1997). Ongoing research has begun
to shed light on the regional diversification of the flora and fauna, particularly in Amazonia,
Central Africa, and the Australian Wet Tropics, with the emergence of consensus speciation
patterns and processes in these areas (Graham et al. 1996; Moritz et al. 2000). In the context of
the Neotropics, the tropical regions of southern Mexico, Central and South America, and the
Caribbean, molecular-based investigations in the Guiana Shield (GS) are scant relative to other
regions (i.e., Amazonia, Andes). Given the high level of preservation, diversity, and endemism,
coupled with the age, heterogeneity and overall long-term geological stability of the landscape,
the GS is an ideal region to explore factors influencing broad-scale Neotropical diversification,
particularly of ancient groups. Herein I provide a summary of the state of understanding of the
evolutionary history of the GS, outline as-yet unanswered questions, and lay out a course for
future work that will strengthen our understanding of biodiversity in one of the largest remaining
unspoiled tracts of rainforest in the world.
The GS is an extremely biodiverse area with floral and faunal endemicity estimated at
40% (Kelloff & Funk 2004) and is largely pristine, with more than 90% of the area being
undisturbed (Huber & Foster 2003). The diverse topography and antiquity of the GS is
responsible for much of the region’s recognition as a distinct biogeographic area and one of the
world’s largest biodiversity and endemism reserves (Rull 2005). Estimates of vascular plant
diversity from the GS range between 13,500 to 15,000 species, about 5% of the estimated world
total, with about 6,000 restricted to the region. Additionally, there are at least 1004 species of
birds (8% endemic), 282 species of mammals (11%), 269 amphibians (54%), and 295 reptiles
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(30%). Most GS endemism is associated with the remote Guiana Highlands in the west of the
region (Hollowell & Reynolds, 2005); with numbers of endemic species continuing to rise with
greater access to remote, formerly inaccessible locations.
Guiana Shield as a testing ground for patterns of species richness and turnover
The GS is one of the most environmentally heterogeneous areas in Amazonia, with each
landscape supporting its own characteristic vegetation (Huber 1995a, 1995b). Covering much of
north-eastern South America (Figure 1), and approximately 13% of the continent, the GS is a
complex region consisting of both ancient soils and recent geological features (Hammond 2005).
The region includes all of Guyana, French Guiana, and Suriname, and extends to include the
parts of the Brazilian states of Roraima, Pará, and Amapá, the Venezuelan states of Bolivar,
Amazonas, and part of the Delta Amacuro, and an outlier region in eastern Colombia (Hollowell
& Reynolds 2005). The GS is largely delimited by the Amazon, Orinoco, and Negro rivers, and
the Atlantic Ocean (Gibbs & Barron 1993). This area spans approximately 1.52 million km2 with
elevations ranging from 3014m above sea level (asl) in the Guiana Highlands down to 15m
below sea level in sections of the coastlands (Hammond 2005). Geologic events since the
Precambrian have shaped the present-day GS landscape into a mosaic of tropical savannahs,
terra firme forests, white-sand forests, granitic mountains, and table-top sandstone mountains
called tepuis, intersected by a vast network of rivers (Parker et al. 1993; Hammond 2005).
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Figure 1. Topographical map of South America and the Guiana Shield. Inset concentrates
on the Guiana Shield region (demarcated by dotted line). Present day savannahs are outlined
and shaded.
South America’s Amazon Platform consists of two subunits: the GS to the north and the
Brazilian Shield to the south, separated by the Amazon Graben (Figure 2), a major divide 3001000 km wide and filled with eroded sediments up to 7 km thick (Putzer 1984). The GS is a
topographically unique region, with major geologic formations originating in the Precambrian
and experiencing periodic uplifts, modifying the surface as recently as the Holocene (Gibbs &
Baron 1993). The underlying basement rock of the GS predominantly consists of gneisses and
granites, crystalline rocks formed between 3.6 and 0.8 billion years ago (Ba; Mendoza 1977;
Schubert and Huber 1990). A major orogenic event approximately 1.8 Ba transformed the
present-day shield into a foreland basin and depositional zone, which accumulated up to 3000 m
of sediment over a few hundred million years (Gansser 1974; Edmond et al. 1995; Santos et al.
2003). Collisions between the South American continental plate and oceanic plates following the
separation of Gondwana during the late Cretaceous and early Jurassic produced tectonic activity,

4

uplifting the basement rocks of the GS to elevations exceeding 3000 m (Lujan & Armbruster
2011). Today the GS is the largest area of Precambrian rock covered by tropical forests
worldwide (Hammond 2005) and accounts for over 50% of the exposed Precambrian surface in
South America (Goodwin 1996). The present topographical complexity of the GS surface has
been modified by a long history of uplift, erosion, and sediment redistribution. Furthermore, the
interactions between the evolving topography and climate throughout history have been key
drivers in shaping present day diversity.
Geological evidence indicates that the period corresponding to the Late Pliocene–
Pleistocene was highly dynamic both geologically and climatically in South America (Colinvaux
1996; Gregory-Wodzicki 2000). The closure of the Panamanian Isthmus approximately 3 MYA
(Coates & Obando 1996) and a major uplift of the northern Andes, including the Sierra Nevada
of Santa Marta, occurred during this period and had a major impact on global and regional
climate (Gregory-Wodzicki 2000; Simpson 1975). Furthermore, a sustained cooling trend is also
indicated for the Late Pliocene and Early Pleistocene, potentially causing changes in
environmental conditions that affected the native and immigrant biota (Potts & Behrensmeyer
1992; Vrba 1993; Colinvaux 1996).
The 2.5 MY long Pleistocene epoch was marked by cyclic glaciation, with significant
advances of continental ice sheets across North America and Europe occurring every 40,000 to
100,000 years leading to global decreases in temperature, precipitation, and sea level. Separating
the long glacial periods were shorter interglacial cycles marked by warmer temperatures and the
recession of ice sheets, higher sea levels and consequent marine incursions, and higher levels of
precipitation (Bush & Silman 2004; Lujan & Armbruster 2011).
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Figure 2. Map of South America depicting the geological shields. The Guiana Shield
(A) is separated by the Brazilian Shield (B) by the Amazon Graben, indicated by a diagonal
line. Note, size of shields not indicative of exposed surfaces.
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A complete understanding of the impact of early Pleistocene climatic oscillations on
habitat modification via forest fragmentation is lacking due to a deficiency of precise climate
models and/or paleoecological records. Evidence suggests that suitable forest habitats were likely
relatively isolated within the GS lowlands (Fouquet et al. 2012a). Open savannahs and/or
grasslands and seasonally dry forest habitats would have occupied much of the Neotropics,
including the GS, during much of the colder/drier conditions of late Pleistocene, especially on
nutrient poor soils (Pennington et al. 2000), with most forest habitat largely confined to highland
refugia (Lujan & Armbruster 2011). Extrapolations from the current precipitation regime in
Amazonia suggest two predominantly wet subregions were present during the Quaternary, one in
the coastal region of the eastern GS extending to eastern Pará, Brazil, and one in western
Amazonia, thus supporting the possibility of a dry transverse belt crossing central Amazonia
during cooler/drier periods (Bush 1994; Fouquet et al. 2012a). The existence of past dry forest
corridors is corroborated by the xeric vegetation and fauna associated with the inselbergs and
isolated savannahs of the eastern GS, which exhibit a signature of repeated isolation and
colonization (Descamps et al. 1978; Vitt et al. 1996; Sarthou et al. 2001; Wüster 2005a, 2005b;
Quijada-Mascareñas et al. 2007; Duputié et al. 2009; Boisselier-Dubayle et al. 2010; but see
Gosling & Bush 2005). Charcoal deposits and palynological evidence provide further support of
a contraction of moist forest during the Quaternary in the GS (Charles-Dominique et al. 1998;
Ledru et al. 2000, Van der Hammen & Hooghiemstra 2000).
Based on the Köppen climate classification system, the GS presently contains three major
climate zones based on temperature and precipitation distributed along a longitudinal axis
(Walsh 1996; Robinson & Henderson-Seller, 1999). The northern half of Guyana is classified as
equatorial climate (Af) which is separated from the tropical savanana climate (Aw) in the south
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by a central belt of monsoon climate (Am). A climatic gradient extends between the interior of
the GS and the northern and eastern peripheries. As a result of long-term, natural habitat
modification (Servant 2000) the interior exhibits a drier climate associated with relictual
savannahs, semi-deciduous forest, and open forest (Gond et al. 2011). Regionally, there are
several modern centers of high annual precipitation (>3m per year), with the easternmost
centered on northern French Guiana and extending southward outside the GS as a narrow coastal
band (Snow 1976). A second, smaller center occurs in the north-central region of the GS
extending across the Guiana Highlands through to the coastal swamps of northwest Guyana
(Snow 1976; Huber 1995a), isolated by a narrow corridor of dry, lowland climate referred to as
the Savannah Trough. The largest and wettest center of precipitation extends from the upper
Orinoco River across the western tongue of the GS in northern Brazil and south-central
Colombia (Hammond 2005).
The GS experiences strong seasonal rainfall, principally influenced by the Intertropical
Convergence Zone as it migrates latitudinally with the seasonal shifts in hemispheric insolation
and sea-surface temperatures (Hammond 2005). The largest influence on the annual and interannual variation of rainfall within the GS results from the interaction between sea surface
temperatures and atmospheric pressure in the tropical Atlantic and Pacific Oceans (Fu et al.
2001; Liebmann & Marengo 2001). Temperatures across the GS are largely related to elevation.
Three centers of relatively low temperature (6-20ºC) are located on the three main upland
regions within the GS, the Guiana Highlands, the Tumucumaque Uplands, and the Chiribiquete
Plateau (Hammond 2005), surrounded by extensive lowland areas with higher temperatures (2130ºC). The highest temperatures occur in the low-lying regions of the Savannah Trough during
the peak of the dry season (Frost 1968).
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The present GS landscapes and drainages with their corresponding habitats are a product
of the interaction between the dynamic geological and climatic processes since the Precambrian.
The modification of the region’s landscape through time subsequently influenced patterns of
biotic diversification by altering both biotic composition and distribution (Rull 2008, 2011).
Below we will describe the predominant GS biomes and their distribution, followed by a
summary of the research that has taken place within each.

LANDSCAPE FEATURES
Highland Regions of The Guiana Shield
Pantepui/Guayana Highlands
The higher elevations within the GS are collectively known as the Guiana Highlands or
Pantepui, the biogeographic province proposed for the high elevation portion over 1500 m.
Predominantly located in southern Venezuela and parts of Colombia east of the Orinoco, the
Guiana Highlands extend east to the Potaro escarpment of Guyana’s Pakaraima Mountains
(Arbeláez & Callejas 1999) and south into the northern portion of the Roraima state in Brazil
(Leechman 1913, Gibbs & Barron 1993). Derived predominantly from Roraima Group
sandstone, the Guiana Highlands complex of tabular mountains consists of ~50 topographic
islands, herein tepuis, that rise ca. 1200-3000 m above lowland and upland rainforest and span an
area approximately 5000 km2 (Huber 1994). Massive erosion occurring 1.6 to 1 Ba dramatically
reduced the sediment base of the Roraima group and redistributed much of the sediments into
surrounding structural basins, creating peneplainer savannahs (Gansser 1974, Huber 1995a).
Modern tepui summits are relicts of a former elevated peneplain called Auyán that underwent
extensive surface erosion roughly 300 Ma (Briceño & Shubert, 1990). For the past 60-90 MY the
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topographically isolated tepuis have stood as vertically walled, flat-top mountains (a result of the
sides of the sandstone formations breaking away along vertical fracture planes) isolated from one
another by hundreds of kilometers of lowlands with markedly different habitat than the tepui
summits (Tate 1930; Briceño et al. 1990; Huber 1995a, 2005; Briceño & Schubert 1990; Gibbs
& Barron 1993). Erosive processes continued between the Miocene and Pliocene producing
much of the sediment deposited along GS riverine basins (Gansser 1954). Post-erosion tepui
surface areas range from 0.2 to 1096.3 km2 (McDiarmid & Donnelly 2005) and account for only
0.5-1% of the overall ca. 5000 km2 surface area of the Guiana Highlands (Berry & Riina 2005;
Huber 2005).
While the span of the Guayana Highlands is remarkable, the topographical heterogeneity
resulting from prolonged erosion is what makes this region so unique. The “sky islands” that
pepper the region differ from other sky-island systems throughout the world, such as the Western
Ghats and the Madrean Sky Islands in New Mexico, in that the ecosystems of Pantepui are
arguably more topographically extreme (Smith & Farrell 2005; Robin et al. 2010).
Upland Regions of The Guiana Shield
Chiribiquete Plateau
The Chiribiquete Plateau forms the westernmost edge of the GS. This upland region is
separated from the Andes Mountains by the Sub-Andean Trough which extends along the
northern and western rim of the GS. The plateau contains a group of isolated, sandstone table
mountains reaching almost 900m asl, defined by a patchwork of vegetation types that correspond
to the regional topography, soil characteristics, and climatic variations. The plateau’s floristic
mosaic includes xeromorphic open vegetation, low forest, closed-canopy medium forest, and
savannah vegetation, dominated by the vascular plant families Rubiaceae, Melastomataceae,
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Orchidaceae, Bromeliaceae, and Cyperaceae. Comparatively, the vegetation is most similar to
the Amazon region followed by the central Guiana region (Cortés et al. 1998).
Tumucamaque Uplands
The Tumucumaque Uplands are a series of upland granitoid and metavolcanic massifs
separated by greenstone and granulite belts. Forming an arc along the southern boundary of
Guyana and Suriname, they consist of the Acarai Mountains, the Tumuc-Humac Mountains, and
the Wilhelmina Mountains in south-central Suriname. The crystalline basement complex of these
granitic domes is more exposed than any other area within the GS, after localized differential
weathering processes eliminated the surrounding basement rock (Hammond 2005). These low,
isolated massifs span three core mountain ranges whose northern slopes drain towards the
Atlantic Ocean (Guayana Basin) and southern slopes drain towards the Amazon River (North
Amazon Basin). The Acarai Mountains extend along the southern border of Guyana and Brazil
eastward for approximately 130 km where they become the Tumuc-Humac Mountains,
stretching an additional 120 km eastward along the border between the Brazilian states of Pará
and Amapá and Suriname and French Guiana. Located in Central Suriname, the Wilhelmina
Mountains are the final range included in Tumucumaque Uplands. Stretching approximately 113
km from west to east, the Wilhelmina Mountains are a broad plateau region that rises gradually
from the coastal lowlands and connect to a series of ranges in the north (Bakhuis and Emmaketen
ranges) and to the south (Eilerts de Haan and Kayser ranges).
Eastern GS uplands
The eastern portion of the GS lacks the extreme topographical complexity of the western
Guayana Highlands. Consisting predominantly of hilly landscapes generally covered by pristine
lowland rainforest, few massifs reach more than 400 m elevation (Fouquet et al. 2013). These
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massifs, collectively referred to as inselbergs, occur throughout the interior on Precambrian
basement rock in both seasonal evergreen forest and in drier savannah areas in the broad
geomorphological region called the Precambrian Plateau (Daniel 1984; Suriname Planatlas 1988;
de Granville 1989). Suriname contains the easternmost tepui, Tafelberg, characterized by the
sheer cliffs common in Pantepui. Suriname’s highest peak, Juliana Top reaches a height of
1230m, while Mont Itoupe, French Guiana’s highest peak, reaches 840 m (Hammond 2005).
Most of the eastern GS’s highland areas range from 300-800 m and owe their elevational origin
to regional tectonic uplifting, changes in the erosional bevel by eustatic tilting, and/or localized
weathering processes. The weathering processes in particular have exposed the hard, silica-rich
granites and granulites and laterite-capped dolerites as isolated massifs and ridgelines
(Hammond 2005).
Spatial variation of mean daily temperature in the GS is predominantly influenced by
elevation, with the lowest daily minima occurring in the upper elevations of the Guiana
Highlands (Hammond 2005). During the Pleistocene glacial-interglacial cycles, the Guiana
Highlands and uplands were subject to the same environmental instability as the rest of the GS.
Cooler climates associated with Quaternary climate oscillations are predicted to produce
downward elevational shifts of habitats to regions better suited for their persistence (Rull 2004a,
2004b, 2004c, 2005). Palynological evidence suggests the upward and downward movement of
main vegetation types in response to temperature shifts during the last 5000 years (Rull 2004a,
2004b). Thus, the magnitude of these movements is expected to be significantly greater during
Pleistocene glacial-interglacial cycles. Moderate reductions of temperature of 2-3 ºC during
glacial cycles less intense than the Last Glacial Maximum would have still produced a downward
expansion of highland habitat of up to 600 m (Rull 2004c). The maximum downward habitat
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shift for the Last Glacial Maximum was 1100 m, which would have occurred for every glacial
period though with the intensity related to the intensity of the glaciation (Rull 2005). Subsequent
interglacial periods would then have experienced vertical habitat migration.
Guiana Shield Ecosystems
Savannahs
Surrounding the GS are several structural basins or grabens. The erosion of the Guiana
Highlands along with more recent Andean sedimentation filled the surrounding structural basins,
resulting in the peneplainer savannahs that presently surround the highlands (Lujan &
Armbruster 2011). The resulting savannahs throughout the GS now include the Gran Sabana in
Venezuela, the Rupununi Savannah in Guyana, the Rio Branco savannahs in northern Brazil, and
the coastal savannah belt of Guyana, Suriname, and French Guiana (Hollowell & Reynolds
2005; Funk et al. 2007; Figure 1). In addition to these extensive savannahs, a patchwork of open
biomes (savannahs and seasonal dry forests) are scattered around the periphery of the Amazon
Basin forming a series of isolated enclaves within the rainforest (Eiten 1972; Pennington et al.
2000, da Silva & Bates 2002).
As a result of the present biotic similarity between savannahs (Sarmiento 1983), periodic
connections via a series of historical corridors have been proposed (Haffer 1967, 1974; Webb
1991). These include a central Amazon connection between the northern block of the Llanos and
the Guiana Shield savannahs with the southern block of the Cerrado, Pantanal, Llanos de Mojos,
and patches close to the Amazonia/Cerrado transition (da Silva & Bates 2002), an Andean
corridor connecting the Llanos and Roraima savannahs by way of eastern Andean slopes, and a
coastal corridor connecting northern and southern savannah block by way of the coastal
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savannahs of the Guyanas, Amapá, and Marajó along the Atlantic coast (Haffer 1967, 1974;
Webb 1991; da Silva 1995; da Silva & Bates 2002).
Coastal Savannah
The coastal plains in the Eastern Guyana Province contain the most extensive lowland savannahs
in the GS, presently existing as a patchwork of savannahs, mangroves, swamps, and forests along
a shallow 100km continental shelf (Fouquet et al. 2015). Running parallel to the coastal plains,
extending along the eastern edge of the GS with the Atlantic Ocean, the Tertiary Sandy Plains
covers an area approximately 30% of the total GS land area. Rising between 10-50m above sea
level, this large belt was formed by heavily reworked and leached sediments deposited during the
late Neogene-Pleistocene (Hammond 2005).
Roraima-Rupununi Savannah
To the south of the Guiana Highlands lies the Guyanan savannahs, within the broader
Rio-Branco-Rupununi landscape complex at the border of northern Brazil, western Guyana, and
southern Venezuela (Myers 1936; Beard 1953; Eden 1970; Jansen & Steege 1995). Spanning
approximately 61,664 km2, it is predominantly composed of the Rupununi Savannah and the
“Lavrados” of Roraima, Brazil. This massive stretch of savannah and open habitat occurs on the
Boa Vista Formation, the geomorphological result of the filling and leveling of the Takutu
Graben, a former rift valley now filled with Cenozoic sediments derived from remnants of the
Roraima Group (Schaefer & Vale Jr. 1997). While of the same name, the South Rupununi
Savannah in Guyana falls outside of the Takutu Graben and were instead formed atop the
paragneisses, granulites, and granites of the Kanuku Complex formed during the Precambrian
(Hammond 2005). Until the early Cretaceous, the ancient Lake Maracanata occupied this region
(Crawford et al. 1985), a situation recreated today during seasonal flooding of the area, leading
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to a temporary aquatic connection referred to as Lake Amuku, connecting the Takutu and
Rupununi Rivers (de Souza et al. 2012).

Sipaliwini-Paru Savannah
Located in South Suriname and into adjacent Brazil, the Sipaliwini-Parú Savannah is an
enclave surrounded by forests. The Suriname portion of the savannah spans an area of 630 km2
of predominantly open habitat (van Donselaar 1969). The Sipaliwini Savannah occupies the
northwestern corner of the large tropical grassland that extends into Pará, Brazil, where it
transitions to the Parú-Trombetas Savannah. Within the Sipaliwini Savannah, the topography is
largely undulating hills between 275 m and 554 m. The savannah supports both open and
forested habitats, but is dominated by the former (Mittermeier et al. 2010). Approximately 4% of
the plants occurring in the Sipaliwini-Parú savannah are endemic, with no endemic species
occurring in the savannahs of northern Suriname indicating that at least part of the savannah was
separated from other savannahs relatively early (van Donselaar 1968).
Gran Sabana
The Gran Sabana, or Guianan savannah, is a vast savannah district including forestsavannah mosaics that spreads across much of the Guiana Highlands. Confined mainly to
southeastern Venezuela, it continues marginally across the borders of Guyana and Brazil and
occupies an area approximately 35,000 km2 (Shubert & Huber 1990). Like the RoraimaRupununi savannahs, the gently rolling high plains of the Gran Sabana were formed by Roraima
Formation sediments that overlay the rocks of the Guyana Shield (Dezzeo 1994). However,
recent evidence suggests the Gran Sabana is much younger relative to the Rupununi Savannahs.
Palynological and charcoal analysis revealed the presence of mesothermic cloud forests at the
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Pleistocene/Holocene boundary that transitioned to treeless savannah during the early Holocene,
followed by the first occurrence of local fires (Rull 2007). The present flora of the Gran Sabana
also occurs in (or are most similar to) savannahs of northern Brazil, Guyana, and Suriname
(Steyermark 1977; Boggan et al. 1997).
During the Pleistocene, it is hypothesized that the savannah landscapes of the GS were
larger and more extensive than present. Periodic climate cycles throughout the Quaternary,
characterized by lowered temperatures and reduced precipitation, modified the distribution of
open landscapes by the extension of savannah and dry forest habitats, replacing rainforest with
large, continuous blocks of open vegetation. (Carneiro-Filho 1993; Dejardins et al. 1996;
Simões-Filho et al. 1997, Toledo 2004; Mayle et al. 2000, van der Hammen & Hooghiemstra
2000). Thus, today’s savannahs may represent “relicts” of the savannah formations that once
dominated much of northern South America (Eden 1974; Carneiro-Filho 1990; Barbosa et al.
2007).
Forests
Like savannahs, the modern composition and distribution of forests within the GS is the
result of dynamic changes in temperature, rainfall, and the underlying substrate of the region.
Evergreen lowland rainforests of the GS cover approximately 78% of the region, within which
remote sensing (Gond et al. 2011) has identified five different types whose extents correspond
neatly to present-day climate (Sombroek 2001). Northeastern GS is characterized by high forest
with regular canopy, while southwestern GS is characterized by high forest with disrupted
canopy. These two large areas are divided by a south-east to northwest axis covered by mixed
high and open forests, open or palm (Euterpe) forest, and extensive savannahs, concordant with
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the “transverse dry belt” (Pires-O’Brien 1997). The remaining forest type distributed throughout
the GS is low, dense forest (including savannahs on poor drainage soils).
The glacial-interglacial alternation during the Quaternary is hypothesized to have caused
repeated expansion and contraction of the GS forests. Estimated average temperatures during the
Last Glacial Maximum were approximately 5ºC below present–day temperatures in the Amazon
lowlands (Van der Hammen & Hooghiemstra 2000; Bush et al. 2001). As a result of weakened
Hadley and Walker Circulations and/or altered movement of the Inter Tropical Convergence
Zone, northwestern Amazonia likely experienced moderate rainfall reductions. A more severe
decline in precipitation is suggested for the GS during glacial phases, possibly influenced by the
region’s topography, edaphic conditions, and the effect of changing sea surface temperatures on
regional climate (Hammond 2005).
Historical fluctuations in the distributional continuity of forests as a result of the periodic
environmental changes would likely have followed with forest contraction occurring during cool,
dry periods and expansion during warm, wet periods.
Aquatic Systems
An extensive complex of lakes, wetlands streams, and rivers drain the lowland savannahs
and rainforests, upland regions, and highland tepuis. Some river valleys exhibit marked
topographical adjustments resulting in large waterfalls, rapids, and riffles. Spanning the present
GS are as many as 47 medium to large rivers, and many more smaller rivers, draining
approximately a quarter of South America’s total volume of freshwater into the oceans
(Hammond 2005). The volume of water discharged from these rivers and its massive erosive
influence on the landscape has been a primary force shaping the regions topography.
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Throughout the history of the GS, the courses of major rivers have altered due to head
cutting and stream capture, though relative to the rivers of the western Amazon Basin, GS rivers
have run more stable courses since their formation (Fouquet et al. 2015).
The river basins of the GS have a dynamic and complex history, with many paleo-fluvial
predecessors of modern drainages differing markedly from present systems. Four broad
hydrologic regions which have undergone major drainage changes characterize the present-day
GS river systems: the Proto-Berbice of the central shield, the Proto-Orinoco of the western
shield, the Eastern Venezuela basin in the northern shield, and lastly, the associated ProtoAmazon and eastern Atlantic drainages of the southeastern portion of the shield.
The most dynamic river system of the GS has been the Proto-Berbice which has drained
the southern slope of the Guayana Highlands through the North Rupununi Savannah into the
Atlantic Ocean for most of the last 65 million years (Sinha 1968l McConnell et al. 1969;
Berrangé 1975; Schaefer & do Vale 1997). During this time, as the GS underwent periodic uplift,
the underlying basement tilted, shifting watershed boundaries. As a result, the region
experienced the rejuvenation of river channels, as well as head-cutting and stream piracy (Lujan
2008).

MECHANISMS PROMOTING SPECIES DIVERSIFICATION IN GUIANA SHIELD
Lowlands
The GS is composed of two distinct areas longitudinally bisected by the Rupununi
Savannah area of the Essequibo River-Rio Branco. The western region encompasses the Guiana
Highlands and adjacent lowlands while the eastern region consists of the areas covering eastern
Guyana, Suriname, French Guiana, and all or part of the Brazilian states of Amapá, Amazonas,
and Pará, which is mostly below 400m asl (Fouquet et al. 2012a). The origins of Amazonian
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biota (Haffer 1997; Hoorn et al. 2010) and the actual number of species (Funk et al. 2012; Ferrão
et al. 2016; Hamdan et al. 2017) have been greatly debated. A variety of hypotheses have been
proposed to explain the patterns of present day biotic diversity (Hall & Harvey 2002), with the
majority generally implicating environmental shifts associated with historical geological and
climatological changes as responsible for promoting species diversification (Table 1; Figure 3).
Within the context of the GS, recent phylogeographic studies have revealed that the
genetic structure of a variety of organisms originated in the early Pleistocene, following habitat
fragmentation linked to climatic fluctuations. Interestingly, these studies also corroborate the
presence of a putative forest refugium in the coastal region of French Guiana (Noonan &
Gaucher 2005, 2006; Fouquet et al. 2007b, 2012a; Duputié et al. 2009; Boisselier-Dubayle et al.
2010).
Refuge Hypothesis
The most widely discussed and debated hypothesis of Amazonian diversification is the
Pleistocene refugia hypothesis first formulated by Haffer (1969, 1990, 1997). After observing
that closely related birds in the Amazon Basin were often parapatric, multiple areas of endemism
were proposed to represent regions of climatic, and thus habitat, stability. As it was initially
postulated, Quaternary climatic oscillations (primarily cyclic aridity) extensively fragmented
Amazonian rainforest into isolated refugia, separated by expanses of savannah or other dry, open
habitats (Haffer 1969, 1997; Potts & Behrensmeyer 1992; Vrba 1993; Pennington et al. 2000).
Open habitats then acted as barriers isolating populations, promoting allopatric speciation of rain
forest taxa (Haffer 1969, 1997; Prance 1973; Haffer & Prance 2001). During the warmer, wetter
interglacial periods, forests expanded and reconnected with other refugial areas. Thus, the
present levels of species-diversity are proposed to be a result of cyclic, repeated allopatric
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speciation and subsequent reconnection. South American savannahs would have reached their
greatest coverage, extending into the Amazon Basin, during the Last Glacial Maximum 21 ka
during which time corridors may have connected the major northern (GS) and southern savannah
blocks (Sarmiento 1983; Webb 1991; da Silva & Bates 2002). Support for two savannah
corridors, a Cerrado-Andes connection and along the eastern Atlantic coastline, was provided by
paleoclimatic modeling (Werneck 2011; Werneck et al. 2012). Recent phylogeographic and
population genetic studies have found evidence supporting the abundance and/or expansion of
open or dry forest habitat (Wüster et al. 2005a, 2005b; Quijada-Mascareñas et al. 2007;
Bonvicino et al. 2009; Vargas-Ramírez et al. 2010). The extant diversity of these lineages is best
explained by a colonization corridor of expanded dry forest or savannah habitat and retreating
rainforest, which led to dispersal and subsequent vicariance when the forests again expanded.
Palynological evidence supporting widespread open vegetation in Amazonia over the past
18,000-50,000 years, a period including the Last Glacial Maximum, is presently lacking, which
has been the largest criticism to the Pleistocene Refuge Hypothesis (Bush 1994; Colinvaux et al.
1996, 2000, 2001; Haberle & Maslin 1999; Kastner & Goñi 2003). Presently, there are no
palynological records dating to the Early and Middle Pleistocene, so direct evidence of floral
turnover in Amazonia as a result of forest fragmentation is lacking (Wüster et al. 2005a, 2005b).
Further argument against the Pleistocene refugia hypothesis has been based upon the near
constant rates of Amazonian diversification during the Neogene and Quaternary (Rull 2011).
Disturbance-Vicariance Hypothesis
The Disturbance-Vicariance hypothesis (DV), first proposed by Colinvaux (1993), has
been subsequently elaborated by Bush (1994; Bush et al. 2002; Bush 2005; Bush & de Olieveira
2006) and Mayle et al. (2004). Like the Refugial hypothesis, the DV hypothesis favors climatic
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oscillations as a driver of diversification in Amazonian lowlands. However, rather than forests
fragmenting due to increased aridity, the DV hypothesis implicates changes in temperature, local
changes in seasonality or precipitation, and levels of atmospheric CO2 connected to Earth’s
precessional cycles as the key factor affecting habitat continuity throughout the Quaternary.
During glacial maxima, temperatures averaged 4˚C (and as much as 7.5˚C for short periods)
cooler than present (Hooghiemstra 1984, 1989; Bush 1994). Global CO2 levels were also
markedly lower than present, thought to be a result of permanent sea ice in the Southern Ocean
preventing gas exchange between the atmosphere and the deep ocean (Ferrari et al. 2014). Like
the refugia hypothesis the DV hypothesis includes the effects of a reduction in precipitation by as
much as 20% in the Pleistocene, though the biotic effects of this parameter are afforded less
significance (Bush 1994). Climatic oscillations affected species distributions and abundance in
these regions throughout the Pleistocene through periodic invasions and counterinvasions, and
ecologically unsuitable habitats acted as barriers isolating populations (Haffer 2008). Serving as
the foundation for this hypothesis, palynological evidence and the paleoclimatic record from
throughout the Pleistocene reveal a cyclic, altitudinal migration of floral communities (van der
Hammen & Gonzalez 1960; Hooghiemstra 1984, 1989).
During cool glacial periods, montane lineages would have invaded and crossed lowlands,
only to be isolated once again by the next interglacial. These microrefugia and their populations
are isolated by topography (different mountain regions) or ecological conditions (Bush 1994).
Thus, under this scenario, differentiation is expected to be greatest in the highly affected
mountainous areas at the periphery of the Amazon, regions such as the Guiana Highlands and the
Andean forelands. In contrast to the refuge hypothesis, the DV hypothesis supports diversity
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being highest in regions of the greatest environmental disturbance rather than ecological
stability.
Within the context of the GS, the genetic signature of a variety of taxa lend support for
the DV hypothesis including amphibians (Noonan & Gaucher 2005, 2006; Lötters 2010) and
caesalpinioid trees (Dutech et al. 2003). These taxa exhibit the expected fine scale genetic
structure and incomplete speciation, often associated with elevated areas, as a result of periodic
isolation by landscape fragmentation during glacial cycles.
Riverine Barrier Hypothesis
It has been suggested that large lowland rivers have been important for shaping present
day patterns of species distributions and genetic variation. Initially set forth by Wallace (1852)
after observing species of primates separated by major Amazonian rivers, the riverine barrier
hypothesis was the first hypothesis proposed to explain modern species assemblages. Following
the formation of major rivers in a once contiguous forested region, large ancestral populations
would become fragmented into subpopulations (Sick 1967). Over time, populations differentiate
as the river and its floodplains act as a barrier to gene flow (Gascon et al. 1998), promoting
genetic divergence of populations. This occurs either by vicariance through the subdivision of a
widespread population or following dispersal across an existing riverine barrier. The major
predictions of the River Barrier hypothesis are 1) sister taxa are separated by large rivers and
inhabit opposing banks; 2) as river width and flow rate increases, the level of genetic
differentiation between populations occupying opposing river banks also increases; 3) taxa that
occupy upland terra firme forest exhibit higher levels of differentiation across rivers than taxa of
the seasonally inundated forests (várzea or igapó) found adjacent to the river.
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Support for the role of rivers as a barrier to gene flow has been found across a broad
range of taxa including frogs (Symula et al. 2003), insects (Hall & Harvey 2002, Pedro & Sallum
2009, Pedro et al. 2010), and mammals (Eizirik et al. 1998, 2001; Johnson et al. 1999; Casado et
al. 2007; De Thoisy et al. 2010; Pickles et al. 2011). However, the extent to which a river acts as
a barrier to gene flow is influenced by the size of the river, how its course varies over time (Bates
et al. 2004), and the ability of individuals within a species to disperse across them (Burney &
Brumfield 2009), with some species exhibiting little to no structure across the largest of rivers
(Cadena et al. 2011; Gascon et al. 1998, 2000; Lougheed et al. 1999; Fairley et al. 2002;
Solomon et al. 2008; Vasconcelos et al. 2006; Patton et al. 1994, 2000). Additional
considerations include the age, persistence/stability of course, and the river’s degree of
impenetrability (Slatkin 1987). An organism’s ability to cross rivers, is influenced by its habitat
(Crawford et al. 2007; Moussalli et al. 2009; Fouquet et al. 2015) and life history traits such as
reproductive mode (Vences & Wake 2007; Fouquet et al. 2015), and body size (Lindsey 1966;
Losos 2010).
Rivers of the GS are ideal for the study of riverine effects on speciation as their effects
are unlikely to be obscured by the course transience that characterizes the large rivers of
Amazonia (Hayes & Sewlal 2004; Jackson & Austin 2013; Peres et al. 1996). The clear-water
rivers associated with the GS are more channeled and have remained quite stable over long time
scales (Ayres & Clutton-Brock 1992; Bates et al. 2004; Lundberg et al. 1998).
River-Refuge Hypothesis
The River refuge hypothesis (Ayres & Clutton-Brock 1992) combines aspects of both the
Refuge hypothesis and the Riverine Barrier hypothesis on faunal differentiation by addressing
forest fragmentation caused by Quaternary climate oscillations and the barrier effects of rivers.
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Forest fragmentation and subsequent refugia in the Pleistocene interacted to reinforce isolation
both during the cold, dry periods and after forest expansion. Within the context of the GS,
Fouquet et al. (2015) focused on the unique hydrology of the eastern GS to address the Riverrefuge hypothesis using 28 species of frogs with varying life history traits. In forest-litterdwelling species whose larvae undergo terrestrial development, the river-refuge hypothesis had
significant explanatory power for producing the observed intraspecific structure.
Wilme et al. (2006) proposed a version of the river-refuge hypothesis for Madagascar
which is applicable to the GS. This posits that riverine habitats acted as buffers for the
maintenance of local mesic conditions and were potential corridors for the retreat of forests and
associated taxa toward higher altitudinal zones during cool/dry glacial cycles. The degree of
impact of Quaternary climatic shifts is directly influenced by the elevation of the region’s
watersheds. River catchments with sources at low elevations would experience more extreme
ecological shifts associated with aridification during cool, dry glacials and became zones of
isolation, leading to vicariant speciation. Due to orographic precipitation, riverine forest habitat
along upper montane hydrological systems would have persisted, resulting in higher-elevation
rivers acting as corridors for retreat and dispersion towards higher altitudinal zones during
Quaternary glacial periods. These regions would experience less extreme ecological shifts via
aridification, and a lesser degree of habitat isolation, and are thus characterized by
proportionately lower levels of microendemism. Populations occurring in smaller watersheds
between “retreat-dispersion watersheds,” or upper elevation river systems, would undergo
allopatric speciation during periods of isolation through vicariant events associated with climatic
shifts and mechanistic aspects of habitat differences. As general rules, the degree of biotic
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isolation between retreat-dispersion watersheds increases the farther a watershed is from the
summit zone and the lower the headwaters are from their associated river (Wilme et al. 2006).
Marine Incursions
During the Tertiary, marine incursions inundated large tracts of Amazonia and
northwestern South America with large swamps and lakes, isolating lineages into upland regions
such as the Brazilian and Guianan Shields (Haffer 2008; Webb 1995). Periods corresponding to
the warmer interglacial climates generally experienced higher precipitation and sea level, with
more extensive marine incursions (Lujan & Armbruster 2011).
Lower to middle Miocene deposits from the llanos basins of Venezuela and Colombia
suggest these regions were characterized by coastal and lagunal conditions, with intermittent
marine episodes (Hoorn et al. 1995). Comparable elevations and coastal exposure suggest similar
conditions may have existed in the Rupununi Savannahs and coastal plain of Guyana during this
time (Lujan & Armbruster 2011). Marine incursions approximately 6-5 Ma, are suggested to
have formed a series of isolated freshwater refugia for characiform fishes, separating eastern and
western portions of the eastern GS highlands (Hubert & Renno 2006) and have been invoked as
influencing observed patterns of terrestrial taxa including amphibians (Noonan & Wray 2006)
and snakes (Colston et al. 2013). Similarly, the Guiana Shield was proposed as a stable core area
or refugium in the northern Amazon during the Miocene and the taxon-pulse hypothesis of biotic
diversification for sheath-tailed bats (Lim 2008).
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Figure 3. Speciation models proposed to influence the Guiana Shield diversification. A)
Based on the Paleogeographic hypothesis, the shaded region indicates the potential extent of
marine incursions during the Miocene, isolating the Guiana Shield. B) The refuge hypotheses:
The shaded regions represent refugia from previous studies: T=Tepui mountains G=Guiana
Mountains. C) A simplified representation of the Riverine-Barrier hypothesis; Curved arrows
indicate location of faunal dispersion in headwater regions where the barrier effect decreases.
D) A simplified representation of the River-Refuge hypothesis; Rainforest biota is isolated in
semi-refugia associated with the broad lower courses of rivers during glacial periods.
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Table 1. Neotropical Diversification Hypotheses. Hypotheses of Guiana Shield diversification and their predicted effects.

Highlands
The diversity and endemism of Pantepui makes this region a well-differentiated
biogeographic province, albeit with affinities to Amazonia and the Andes (Huber 1994; Salerno
et al. 2012). This distinctiveness is most notable in the endemicity of vascular plants (42%) and
amphibians (77%), many of which were believed to be confined to single tepuis (Duellman
1999; Berry & Riina 2005; McDiarmid & Donnelly 2005). Two prevailing speciation processes
are implicated in the origin and diversification of Pantepui endemic organisms, ancient
vicariance versus relatively recent dispersal. Early proponents of the latter view argued that
dispersal would have taken place in response to Quaternary climatic oscillations, however, some
dispersal events pre-dated the onset of the glacial-interglacial cycles (Bonaccorso & Guayasamin
2013).
Ancient Vicariance
Inspired by tales of the unique topography and biodiversity of Pantepui, Sir Arthur Conan
Doyle wrote “The Lost World,” a fictional tale of prehistoric species surviving there in isolation
to the present day. The idea of an isolated, highly-endemic biota persisting on the summits since
their uplift and subsequent erosional process was the basis for the Plateau (or Lost World)
hypothesis (Chapman 1931; Mayr & Phelps 1967; Rull 2004a). Unlike mountains that have
arisen via uplift (e.g. Andes Mountains) and have recently exposed surfaces associated with
recent species divergences, tepui summit surfaces are geologically older than adjacent slopes due
to the erosive nature of their formation (Hughes & Eastwood 2006; Salerno et al. 2012). Thus, if
tepui-top biota has indeed been confined to the summits since formation, the old, microendemic
taxa would exhibit deep divergence between sister taxa confined to adjacent tepui summits,
possibly dating back as far as the 60-90 MYA formation of the tepui network (Maguire 1970),
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and the species phylogeny of should mirror the geographical phylogeny (Avise 1994), with
closely related microendemics on geographically proximate tepuis. However, younger time
estimates encompassing the Eocene to the Oligocene for periods of tepui fragmentation and
vertical isolation have been suggested (Gómez et al. 2003; Orme 2007).
Until recently, “The Lost World” hypothesis was the main biogeographic hypothesis
proposed to explain the high endemicity of Pantepui, predicting that highland species are relicts
of taxa formerly widespread across the plateau (Chapman 1931; Maguire 1970; Hoogmoed 1979;
McDiarmid & Donnelly 2005; Heinicke et al. 2009). While evidence suggests a downward shift
of the Pantepui vegetation and associated fauna by 1100 m during the Last Glacial Maximum
(Rull 2004a), analysis of the region’s physical geography indicates more than half of tepui
summits are too high, and thus even during the most extreme conditions of the Last Glacial
Maximum, the downward biotic movement would not have been enough to reach the lowlands
(Rull 2004b). This suggests that the biota from the highest tepuis could have perpetually
remained in isolation. However, the cliff faces of several tepuis extend more one kilometer,
making a gradual shift down a slope impossible leading to extinction events. Therefore, for some
endemic tepui summit vertebrates, Pleistocene climatic oscillations may have depleted
biodiversity rather than promote it (Kok 2013) Presently, no divergence estimates between
genera endemic to the Pantepui and their sister group date as far back as 60-90 MYA as
predicted by Maguire (1970). However, several Pantepui endemic amphibian genera have known
divergences between their sister group estimated between 25-45 Ma, during the
Eocene/Oligocene (Santos et al. 2009; Van Bocxlaer et al. 2010; Kok et al. 2016) and even the
Paleocene (Heinicke et al. 2009).
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Dispersal
Contrasting ancient vicariance, the competing view is that the biota on tepui summits
have originated from nearby lowland/upland populations and/or the Andes via dispersal. As
such, a series of hypotheses have been set forth to address diversification on tepui summits after
recent colonization by lowland including Vertical Displacement, Habitat Shift, Island-hopping,
and Distance Dispersal. The Vertical Displacement Hypothesis invokes historical climate change
as the driver for dispersal, positing that cooler climates expanded the range of highland species
into the lowlands during the downward elevational shift of suitable habitat, especially during
Quaternary climate oscillations (Rull 2004a, 2004c, 2005). The warm interglacials promoted a
vertical migration of habitat and biota, then isolating them on tepui summits. Radiocarbon dating
and palynological analysis of Holocene peats provide evidence for temperature shifts resulting in
the altitudinal displacement of plant communities of the Guiana Highlands during Pleistocene
glacial-interglacial cycles (Rull 2004a). An average vertical shift of 1100 m (Farrera et al. 1999)
has been estimated for the Neotropical treeline. If the highlands experienced a shift of similar
intensity, this would have produced a biogoegraphical connection of about half of the tepuis,
leaving the remaining half in isolation. For tepuis that are at or below 1100 m, vertical
movements of their vegetation and associated fauna, during Pleistocene climatic cycles would
have resulted in a genetic interchange of plateau summit biota through lowland floristic mixing.
Accumulating evidence from a variety of tepui taxa (e.g. birds, frogs, and mammals)
support the dispersal perspective, however, the origin of the Pantepui biota via dispersal is a
complex scenario. The divergence times of many taxa has been found to pre-date the Quaternary,
taking place during the Miocene and Pliocene (Bonaccorso & Guayasamin 2013; Leite et al.
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2015), with subsequent diversification influenced by more recent Pleistocene climatic
fluctuations (Kok et al. 2012; Salerno et al. 2012, 2015)
Dispersal routes to and from the tepuis differ, including from the surrounding lowlands
(Givnish et al. 2000; Salerno et al. 2012, 2015; Voss et al. 2013), from the Andes Mountains
(Mauck & Burns 2009; Sedano & Burns 2010; Bonaccorso & Guayasamin 2013), out of the
Pantepui (Givnish 2007, 2011), or having close affinities to the Cordillera de la Costa (PérezEmán 2005). As such, the composition of the present Pantepui biota is at least in part explained
by dispersal, either in response to elevational shifts of suitable habitat in response to climatic
oscillations, via forest corridors along rivers, or via aerial dispersal (Island-Hopping hypothesis:
Chapman 1931) in certain species displaying high vagility, such as flight, (insects and birds) or
airborne seed dispersal in some vascular plants (Mayr & Phelps 1967; Jaffé 1993; Givnish et al.
1997; Rull & Nogué 2007).
Additional Considerations
Physiographical data have shown that dispersal only is incapable of explaining the
present Pantepui biogeographical patterns (Rull 2004c), corroborated by palynological data
indicating that the influence of both vicariance and dispersal are needed to explain the
characteristics of Pantepui biota (Rull 2004a, 2004b; Désamoré et al. 2010). As such, a clear
understanding of the origin of the Pantepui biota has yet to be achieved. Because of varying
dispersal abilities, the biota is expected to comprise both recent colonizers and remnant GS
lineages (Rull 2004b). Divergence estimation of the age of tepui species will continue to provide
greater insight into the origin of the present day Pantepui biota. The first priority for continued
research on Pantepui biota is more extensive sampling both within recently diverged species and
those still considered relict species. Given the findings to date, it is clear that much of the
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region’s endemism has arisen in the last 20 My. Further study will clarify the generality of this
observation, the forces contributing to the colonization/diversification within the region and
hopefully provide clues as to the subset of the biota that is indeed a remnant of the far more
ancient lineages characteristic of Pantepui.
Aquatic Ecosystems
Compared to other Neotropical regions, the rivers of the GS have been more stable in
their courses through time. For terrestrial taxa, the degree to which a river acts as a barrier
depends predominantly species-specific life-history traits (Fouquet et al. 2015) which applies to
aquatic taxa as well. Extant aquatic assemblages are shaped by various biotic and abiotic factors
across different spatiotemporal scales (Tonn 1990; Jackson et al. 2001). In hydrographic basins,
habitats are generally hierarchically classified by watershed, sub-watershed, reach, site, and
habitat element, with the variables influencing community structure depending on scale (de
Mérona et al. 2012). Assemblages in each basin are then dependent on the dynamics between
immigration and emigration and speciation versus extinction events (MacArthur & Wilson 1967,
Oberdorff et al. 2011). Generally, the diversification of the aquatic biota of the GS has been
influenced by periodic connectivity of aquatic systems allowing for dispersal, followed by
periodic isolation. Disconnected basins are expected to have unique assemblages, essentially
acting as biogeographic islands.
A series of historical and current corridors/portals between river systems throughout the
GS have allowed for movement to new regions at different temporal scales. Some corridors have
formed relatively recently (i.e. Casiquiare Canal), while others recently closed or altered courses
(i.e. Rupununi portal). The ancient broad river hydrologic regions such as the Proto-Berbice,
influenced historical species distribution, which were then altered following periodic uplift of the
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basement rock, and thus shaping the modern-day river systems and altering or eliminating
dispersal routes. Many of the historical freshwater systems and portals were periodically
interrupted by marine transgressions in the eastern portions causing episodes of discontinuity
(Vari & Ferraris 2009). A conceptual model of significant biogeographic hydrologic corridors
throughout the GS was evaluated through phylogeographic analyses of extant loricariid catfish, a
diverse group hypothesized to result from gradual accumulation over the course of tens of
millions of years. Major lineages have been shaped by geologic evolution across the continent
rather than from rapid, geographically restricted adaptive radiation. Additionally, the similarity
between adjacent, isolated drainages could be the result of headwater stream capture, with a
headwater stream shifting course into a new drainage (Lujan & Armbruster 2011).
Glacial cycles during the Quaternary influenced river systems in the GS, which
periodically reduced and isolated riverine habitats (Lujan & Armbruster 2011). During periods of
increased aridity, forest cover and sea level were both reduced, causing major geomorphic
impacts on South American river systems. Many rivers would have cut deeply into their channels
during this time, caused both by erosion from reduced forest cover and lower river base levels
from lower sea levels (Sternberg 1975; Tricart 1985; Latrubesse & Franzinelli 2005). Rapids
would become more prevalent and deep channel habitats would have been reduced, both forming
potential barriers to aquatic taxa. An aquatic diversification hypothesis similar to the Refuge
hypothesis posits that lowering of the sea level during glacial periods lead to the isolation of the
mouths of smaller river which were previously connected through littoral swamps. Fish
populations would then become isolated and undergo vicariant speciation, a process supported
by Leporinus friderici in central French Guiana (Renno et al. 1989, 1990). However, during
periods of high sea levels, the mouths of some large GS rivers were merged into a common
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mouth, allowing migration between river systems (Boujard et al. 1997). Finally, an additional
phenomenon for explaining similar patterns isolating drainages is the passage of fish between
river mouths during interglacials along near-shore areas with low salinity, such as by the current
carrying freshwater from the mouth of the Amazon River along the coast of the Guianas (Jégu &
Keith, 1999).
Thus, the diversification of aquatic organisms is directly linked to the geomorphological
development of the GS in conjunction with the effect of climatic changes. These factors
impacted the formation, presence, and dissolution of river system corridors, which in turn
influenced dispersal, isolation, and subsequent allopatric speciation in aquatic environments.

CONCLUSIONS
Molecular phylogeographic analyses within the GS are still relatively scant, and those
that have taken place have only focused on a few taxonomic groups (i.e. herpetofauna).
Nevertheless, a few recurrent patterns have already started to emerge, including: (i) The central
and coastal mountain ranges of French Guiana have been vital for the maintenance of rainforest
species throughout climatic fluctuations; (ii) much of the tepui biodiversity has more recent
origins than initially predicted, with many endemic species derived from lowland ancestors; and
(iii) endemism in the GS is not confined to the highland regions.
While previous studies have helped provide a greater understanding about the
relationship between historical geomorphological changes, climate dynamics, and their
subsequent influence on biotic evolution within the GS, our understanding is still far from
complete. There are still taxonomic and spatial sampling gaps which hamper our understanding
of the origin and diversification of GS biota. It is now timely to apply explicit hypothesis testing
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within this region and fill in the current sampling gaps. The application of statistical approaches
to multilocus datasets and species distribution modeling should be applied to this future research.
It is necessary when developing and testing models of GS diversification to consider the
requirements of each taxon or assemblage, as well as their tolerance to environmental stressors
they encounter through time. This will allow for greater resolution into the timing of
phylogeographic splits, the direction and extent of range expansions, and processes influencing
demographic expansion. Specific priority should be given to:
I.

Broad scale studies on the floral component of the GS biota, especially in a
biogeographic and phylogeographic context. This will provide greater resolution for the
present-day arrangement of habitats and ecosystems.

II.

Phylogeographic investigations within savannah biomes to investigate historical contact
zones and/or corridors. Most GS phylogeographic investigations center on forest taxa.
Further investigation into the phylogeographic relationship among widespread taxa
currently isolated among the GS savannahs will greatly contribute to our understanding
of historical dynamics of forest and savannah expansion and contraction.

III.

Diversification and patterns of distribution of GS ichthyofauna. Emphasis on
ichthyofauna with low vagility, may reveal patterns not evident with highly vagile taxa.
A more complete understanding of aquatic diversification patterns may shed light on
historical rearrangements of watersheds and drainages, which can be vital to our
understanding of the rearrangement of terrestrial ecosystems.

IV.

Expansion of the recent role of upland and highland areas of the Guiana Shield for
manufacturing and promoting regional endemism. The recent studies conducted in the
tepuis have provided a much clearer glimpse into Pantepui colonization and
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diversification (Kok et al. 2016, 2017). Further exploration into the diversification of the
aquatic fauna and their interweaving network of rivers and headwater streams,
particularly in the Tumacumaque uplands, will shed light on isolation and diversification.
Greater sampling across recently diverged species and those still considered relict
species, will provide greater insight to the age of tepui species, their origins, and patterns
associated with recent colonizers versus remnant lineages.
V.

The coastal mountains of French Guiana as a refuge of species diversity. Compiled
evidence from amphibians and plants has indicated a persistence of forest habitat within
the coastal region over time, revealing they may have acted as a “cradle” for biodiversity
for the eastern GS region (Noonan & Gaucher, 2006). Further investigation into other
taxa with varying degrees of vagility will clarify the degree to which this region acted as
a refugium during Quaternary glacial cycles.

As a result of the diverse landscape and biota, the GS represents an ideal region for testing
both broad scale tropical diversification hypotheses as well as local scale diversification
hypotheses which have led to regional endemism and diversity. An accurate understanding of
phylogeographic patterns in a regional context is integral to understanding the origin and
maintenance of South American biota as a whole.
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CHAPTER II
HERPETOFAUNAL INVENTORY OF CENTRAL GUYANA
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INTRODUCTION
Herpetofauna are important for wilderness and wilderness areas are important for
herpetofauna. Reptiles and amphibians play important roles in maintaining ecosystem health,
serving as both predators and prey in food webs, as well as cycling nutrients and energy within,
and between, terrestrial and aquatic systems. Herpetofauna are currently experiencing rapid
global declines (Gibbons et al. 2000; Bower et al. 2017), and wilderness areas containing large
tracts of intact, undisturbed habitat provide critical refuge for species experiencing human
induced declines elsewhere. With more than 90% of its 2.5 million km2 covered with intact
forest, South America’s Guiana Shield region harbors one of the world’s greatest arrays of
biodiversity (Cincotta et al. 2000; Hollowell & Reynolds 2005).
Cole et al. (2013) provided the first detailed account and biogeographic synopsis of the
herpetofauna of Guyana based on voucher specimens cataloged in museum collections. Recent
literature on the herpetofauna in the Guiana Shield region is relatively scant, though relevant
literature was briefly reviewed in MacCulloch and Reynolds (2012), in which the authors
described the amphibian and reptile fauna of Kato and Paramakatoi in Guyana. Additional
herpetofaunal surveys have been reported for the Konashen Community Owned Conservation
Area (Señaris et al. 2008), Baramita (Reynolds & MacCulloch 2012), the Iwokrama rainforest
(Bicknell et al. 2013), Kurupukari (MacCulloch & Reynolds 2013), the South Rupununi
Savannah (Snyder et al. 2016), Upper Potaro River basin (Snyder et al. 2017), and Upper
Berbice River region.
Guyana boasts a distinctive herpetofauna with a recorded 148 species of amphibians and
176 reptiles (Cole et al. 2013). The forests and surrounding seasonally-flooded savannahs of
south-central Guyana are among the most biologically diverse in the Guianas, largely intact, and
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are also among the least studied. The Rupununi (Region 9) stands out in terms of biodiversity,
even within Guyana, thanks to a broader diversity of habitats than the lowland and montane
forests that cover >75% of the country. The Rupununi Region is an ancient rift valley (Takatu
Graben) which today supports a mosaic of habitats, with seasonally-flooded cerrado savannah,
savannah and gallery forests, swamps, rivers, creeks, and oxbow lakes covering the valley floor,
surrounded by the tropical deciduous and evergreen lowland and montane forests of the
Pakaraima and Kanuku Mountains (Hammond 2005). Only the North Rupununi savannahs fall
within the graben (the south savannahs are part of a pre-Cambrian Kanuku formation), and its
seasonally-inundated wetlands serve as point of exchange for aquatic organisms between the
Amazon and Essequibo River (termed the ‘Rupununi portal’; de Souza et al. 2012).
The Kanuku Mountains sit on the southern flank of the Takutu Graben, with transitions
of non-forested (open) and forested habitats determined by soil type, altitudinal gradients, and
climatic factors (Barbosa et al. 2007). They were the focus of two rapid assessments by
Conservation International leading up to their designation of a Protected Area in 2012. The
rainforest habitats of Maipaima creek in the western Kanukus and nearby savannah were
surveyed during the dry season for amphibians and reptiles during the 1993 Conservation
International Rapid Assessment Program (CI RAP) inventory and 20 species of amphibians and
26 species of reptiles (13 lizards, 11 snakes, 2 turtles) were recorded (Parker et al. 1993). The
species recorded from this assessment are included in Table 2 (amphibians) and Table 3
(reptiles) following current nomenclature. However, there are a number of taxa for which the
identification is suspect (no voucher specimens were collected for verification) as well as species
observed in/near Lethem which have been left off of the list: e.g. Hyla megapodia (Lutz 1925),
Eleutherodactylus guntheri (Steindachner 1864), Eleutherodactylus sp. “A,” Eleutherodactylus
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sp., Leptodactylus podicipinus (Cope 1862). A second expedition Conservation International
Rapid Assessment Program inventory in 2001 focused on the eastern Kanuku Mountains,
however no herpetological inventories were conducted (Montambault & Missa 2002).
We provide a species list of amphibians and reptiles from surveys of the eastern and
western Kanuku Mountains, and two lowland savanna/dry forest habitats north (Yupukari
Village) and south (Dadanawa Ranch) of the Kanuku Mountains along the Rupununi River.
Because we are not including a dichotomous identification key, annotations are provided
primarily for sympatric, morphologically similar species, as an aid to identification in the field.

MATERIALS AND METHODS
Study Area
Yupukari (03°39.69'N 059°21.17"W, elevation ca. 92 m, Figure 1) is a village populated
largely by Makushi people located in the Upper Takutu-Upper Essequibo Region in the North
Rupununi of central Guyana. Yupukari is situated on a hilltop along the Rupununi River,
surrounded by gently undulating, savanna habitat. Here, Precambrian rocks are covered by
sedimentary rocks from the Takutu Formation (Sinha 1968) and are dominated by grasses
(genera: Trachypogon, Paspalum, Axonopus, Andropogon) and woody plants (Curatella
americana, Byrosnima crassifolia, and Palicourea rigida), though species of latter are fewer in
the North Rupununi than the South Rupununi. Gallery forests run along networks of rivers,
creeks, and oxbow lakes, and small bush islands are scattered through the landscape.
Dadanawa Ranch (02°49.47'N 059°31.57'W, Elev. 127 m.) is located in the South
Rupununi Savannah in the Upper Takutu-Upper Essequibo region of Guyana and is the largest
cattle ranch in the country. In the South Rupununi, much of the granitic bedrock is close to the
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surface or exposed as inselbergs, with bare rock patch outcrops supporing unique rock vegetation
that is vulnerable to disturbance. The thin, sandy soil on inselberg slopes is capable of supporting
a moderately thick forest and larger bush islands, contributing to the greater number of vascular
plant species in the South Rupununi compared to the North Rupununi. In the South Rupununi,
the habitat is generally described as open savanna with scattered scrub forests, bush islands,
rocky outcrops and hillocks, and gallery forests bordering creeks and rivers. Large bush islands
associated with rocky outcrops are more common in the South Rupununi and support a greater
number of woody plant species (Jansen-Jacobs & Steege 2000).
The Kanuku Mountains are broken into eastern (mean elevation ~450 m) and western
ranges (hosts a number of peaks above 900 m, tallest peak at 1,067 m; Montambault and Missa
2002) by the Rupununi River. The Kanukus experience a single rainy season (May-August) with
an average annual rainfall 1,500-2,000 mm/year and a longer dry season (September to April)
with average temperatures 25.9°C-27.5°C (Stone 2002). In 2011, a portion of the Kanuku
Mountains was declared as a National Protected Area (KMPA), encompassing an area spanning
611,000 hectares that contains gallery forest, lowland rainforest, montane evergreen forests, and
savanna (Protected Areas Commission 2015).
The surrounding Rupununi savannahs are contiguous with the Rio Branco savannahs of
NE Brazil, while the forests on the Kanuku’s eastern slopes join intact ecosystems that continue
into Suriname and Brazil. The border between the Kanuku Mountains and the North and South
Rupununi Savannah is not sharply demarcated, with the presence of small savannah pockets
surrounded by forest (Jansen-Jacobs & Steege 2000). Gallery forest running along the Rupununi
River forms a contiguous corridor between the Kanuku Mountains and the north and south
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Rupununi savannas. Savannas are seasonally flooding, while bush islands exist on hilltops
providing refuge to forest wildlife that navigate this habitat matrix.

Figure 1. Map of survey location. The dots indicate the main sampling sites: Red: Main sites
of Yupukari Village and Dadanawa Ranch; Yellow: Sampling sites indicated in Table 1. Colors
represent cover type.
Specimen collection and supplemental surveys
Herpetological surveys and collections were carried out by Andrew M. Snyder (AMS)
during the wet season at Yupukari Village (6 July 2013), Dadanawa Ranch (18-19 July 2014),
and the Kanuku Mountains (7-12 July 2013; 9-11 July 2014; 17 July 2014; 20-29 July 2014, 2430 April 2017). Robert P. Reynolds (RPR) additionally conducted fieldwork during the dry
season at Dadanawa Ranch from 15-23 October 2015 and in the Kanuku Mountains from 23-29
October 2015. Most specimens were captured by hand, although a snake specimen was collected
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by an ornithology team with RPR in the crop of a turkey vulture. All additional records are
provided by Ashley Holland (AH), Matthew Hallett (MTH), Peter Taylor (PT), and Duane de
Freitas (DDF) during opportunistic visual encounter surveys.
At Yupukari, the majority of collections by AMS were made within a few km of the
village. Both reptiles and amphibians were predominantly captured at night by hand. Additional
records are from opportunistic encounters by AH and PT during residencies beginning in 2004.
Similarly, at Dadanawa Ranch, most collections were made within a few km of the main
ranch house by AMS and RPR. All specimens were captured by hand. Amphibians were
primarily captured by hand at night in the riparian vegetation along the Rupununi River and in
temporary pools in the savannah. Reptiles were mostly captured during the day from the savanna
scrub vegetation and around the building facilities at the ranch. Additional records are provided
by DDF during his residency at Dadanawa Ranch since 1969.
Records provided by MTH result from visual encounters that occurred during cameratrap surveys of the Kanuku Mountains region between 2012 and 2017. Camera traps were set at
100 sites within the KMPA and a combined 170 sites across Yupukari, Katoka, Nappi, Moco
Moco, Shulinab, Sand Creek and Rupunau Village lands and Dadanawa and Karanambu Ranch
lands. His research was approved by the Institutional Animal Care and Use Committee at Miami
University (#870) and the University of Florida (#201408378), and permission granted by the
Ministry of Indigenous People’s Affairs and the Guyana Environmental Protection Agency
(#230512 BR 017; #011315 BR 002).
Within the Kanuku Mountains, permanent sites are established in Mapari Creek,
Kumerang, and at Kukrit Stump Camp, where most collections by AMS and RPR took place. For
AMS, additional semi-permanent camps were constructed at Ant’s Creek and Crabwood Creek
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which were also utilized as bases to survey other sites Land Turtle Landing, Haiari Creek, and
Salipenta Farm. Camp locations were selected based on their accessibility via the Rupununi
River based on river height during the allotted survey times. The sites surveyed by AMS and
RPR were also visited by MTH and AH during camera-trap surveys, who provided additional
records through photographs. The records from the remaining sites Mapuro, Moco Moco, and
Nappi were also provided by photographs from MTH, AH, and PT from opportunistic
encounters. The complete list of sampling and observation sites and their coordinates is listed in
Table 1. Additionally, certain observations of semi-aquatic taxa such as green anacondas
(Eunectes murinus, Linnaeus 1758), black caiman (Melanosuchus niger, Spix 1825), and river
turtles (Podocnemis unifilis, Troschel 1848) occurred along the Rupununi River within the
Kanuku Mountains, but not at a specific survey site. While spread throughout the Kanuku
Mountains, the camps do not cover the full geographical and vegetation range. Thus, future
surveys targeting remaining habitats will undoubtedly yield additional taxa.
Table 1. Sampling sites. Locations where surveys and opportunistic encounters of herpetofauna
occurred. Numbered sites K1-K12 are within the Kanuku Mountains.
Site
Name
Latitude
Longitude
Y
Yupukari Village
03°39.69'N
059°21.17'W
D
Dadanawa Ranch
02°49.47'N
059°31.57'W
K1
Ants Creek
03°19.08’N
059°20.26’W
K2
Crabwood Creek
03°10.04'N
059°23.48'W
K3
Haiari Creek
03°22.88'N
059°18.86'W
K4
Kumerang
03°11.63'N
059°23.70'W
K5
Kukrit Stump camp
03°12.37'N
059°24.33'W
K6
Land Turtle Landing
03°10.63'N
059°20.26’W
K7
Mapuro
03°18.30'N
059°21.22'W
K8
Mapari Creek
03°20.88'N
059°16.55'W
K9
Moco-Moco
03°19.67'N
059°40.53'W
K10
Nappi
03°24.71'N
059°34.72'W
K11
Salipenta Farm
03°24.04’N
059°18.69'W
K12/1993 RAP
Mapaima Creek
03°22.69'N
059°30.47'W
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Permission was granted by the Ministry of Indigenous People’s Affairs and the Guyana
Environmental Protection Agency (#210405 BR 003, #102113 BR 031; #070414 BR 027;
#102115 BR 024) and permission for export of CITES listed species through the Wildlife
Division (#17876; #18821). Specimens collected by AMS and RPR were euthanized in
accordance with approved methods recommended by the American Society of Ichthyologists and
Herpetologists, the Herpetologists’ League, and the Society for the Study of Amphibians and
Reptiles (Simmons 2002). Specimens were preserved in 10% formalin. Tissue samples in the
form of liver, muscle, or tail clips were taken from most specimens and stored in 95% ethanol or
liquid nitrogen. Specimens are deposited in the collections of the California Academy of
Sciences (CAS) and Smithsonian Institution’s National Museum of Natural History (USNM).
Additionally, collections of specimens and tissues by AMS followed the approved University of
Mississippi Institute for Animal Use and Care protocols: SOP 13-01 and SOP 13-02, and
collections of specimens and tissues by RPR followed the approved Smithsonian Institution
Animal Care and Use Committee proposal 2015-10. We list the collected and examined
amphibian (Supplementary Table 1, Appendix) and reptile (Supplementary Table 2, Appendix)
specimens. All coordinates use the WGS84 datum.
Amphibian nomenclature follows Frost (2018) and the reptile nomenclature follows Uetz
et al. (2017). The species included in the results section that follows only includes those with
voucher specimens or photographs allowing for unambiguous species identification. The
complete lists in Table 2 (amphibians) and Table 3 (reptiles) includes the survey results from the
Conservation International Rapid Assessment Program, excluding species encountered in or near
Lethem as well as those with questionable identification.
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RESULTS
Our herpetofaunal surveys at Dadanawa Ranch, Yupukari Village, and the Kanuku
Mountains produced records of a total of 138 species of amphisbaenians, anurans, crocodilians,
lizards, snakes, and turtles. Excluding the results of the CI RAP, amphibians were represented by
45 species in 9 families and 23 genera (Table 2), and 93 reptile species represented by 24
families and 64 genera (Table 3). Though caecilians are expected to be present, none were
detected during our surveys. To date, no salamanders have been recorded in the Guiana Shield.
From our surveys, the most species-rich amphibian families were Hylidae and Leptodactylidae
(40% and 29% of amphibian species richness, respectively), while the most species-rich reptile
families were Dipsadidae and Colubridae (25% and 16% of reptile species richness,
respectively).
Although amphibians were collected in greater numbers than reptiles, reptile diversity
was higher (45 amphibian species in 9 families vs. 93 reptile species in 24 families). Within the
Kanuku Mountains, the majority of specimens were collected or encountered along both preexisting forest trails and trails cleared specifically for our surveys, from the trail-side vegetation,
along streams, pools, and ponds, and from riparian habitat along the Rupununi River and side
creeks.
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Table 2. Taxonomic list of amphibians reported from Yupukari Village, Dadanawa Ranch,
and the Kanuku Mountains. Results from the 1993 Conservation International Rapid
Assessment Program inventory are included for comparison. Asterisk indicates species recorded
during CI RAP, but not during our surveys. Site abbreviations are as follows: YV = Yupukari
Village, DR = Dadanawa Ranch, CI = CI Rapid Assessment Program, KM = Kanuku Mountains.
Distribution in Kanuku Mountains follows Table 1: 1 = Ants Creek, 2 = Crabwood Creek, 3 =
Haiari Creek, 4 = Kumerang, 5 = Kukrit Stump Camp, 6 = Land Turtle Landing, 7 = Mapuro, 8
= Mapari Creek, 9 = Moco-Moco, 10 = Nappi, 11 = Salipenta Farm, 12 = Maipaima Creek.
Taxon
YV DR CI
KM
AMPHIBIA
ANURA
Allophrynidae
Allophryne ruthveni (Gaige 1926)
1, 3, 5, 8
Aromobatidae
*Allobates femoralis (Boulenger 1884)
x
Anomaloglossus sp.
8
Bufonidae
Amazonphrynella minuta (Melin 1941)
12
Atelopus hoogmoedi (Lescure 1974)
8
Rhaebo guttatus (Schneider 1799)
x
x
8
Rhinella marina (Linnaeus 1758)
x
x
x
4-5, 11
Rhinella martyi (Fouquet et al. 2007a)
x
1-2, 7-8
Rhinella merianae (Gallardo 1965)
x
x
Centrolenidae
Vitreorana sp.
8
Dendrobatidae
Ameerega trivittata (Spix 1824)
x 5-6, 10, 12
Hylidae
Boana boans (Linnaeus 1758)
x
x
1, 5, 8
Boana calcarata (Troshcel 1848)
8
Boana cinerascens (Spix 1824)
1
Boana fasciata (Günther 1858)
1, 6, 8
*Boana multifasciata (Günther 1859)
x
Boana ornatissama (Noble 1923)
8
Boana xerophylla (Duméril & Bibron 1841)
x
x
x
Dendropsophus leucophyllatus (Beireis 1783)
2
Dendropsophus minusculus (Rivero 1971)
x
6
Lysapsus laevis (Parker 1935)
x
x
Osteocephalus leprieurii (Duméril & Bibron 1841)
1-3, 8
Osteocephalus oophagus (Jungfer & Schiesari 1995)
8
*Osteocephalus taurinus (Steindachner 1862)
x
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Phyllomedusa bicolor (Boddaert 1772)
*Pithecopus hypochondrialis (Daudin 1800)
Scinax nebulosus (Spix 1824)
Scinax rostratus (Peters 1863)
Scinax ruber (Laurenti 1768)
Scinax sp.
Scinax x-signatus (Spix 1824)
Trachycephalus typhonius (Linnaeus 1758)
Leptodactylidae
Adenomera andreae (Müller 1923)
Leptodactylus fuscus (Schneider 1799)
Leptodactylus guianensis (Heyer & de Sá 2011)
Leptodactylus knudseni (Heyer 1972)
Leptodactylus macrosternum (Miranda-Ribeiro 1926)
Leptodactylus myersi (Heyer 1995)
Leptodactylus mystaceus (Spix 1824)
Leptodactylus pentadactylus (Laurenti 1768)
Leptodactylus petersii (Steindachner 1864)
*Leptodactylus rugosus (Noble 1923)
Leptodactylus validus (Garman 1888)
Lithodytes lineatus (Schneider 1799)
Physalaemus cuvieri (Fitzinger 1826)
Pleurodema brachyops (Cope 1869)
Microhylidae
Chiasmocleis shudikarensis (Dunn 1949)
Ctenophryne geayi (Mocquard 1904)
Elachistocleis surinamensis (Daudin 1802a)
Pipidae
Pipa pipa (Linnaeus 1758)

x

2, 5, 8
x
x

x
x

x
2, 8
x

x
x
x
x

5, 11
5
2, 5, 8
5-6, 8

x
x
x
x

2, 5-6, 8
1-2, 5-8
8
5

x
x
x
x

x

4, 8
5, 6

8
5
5
8

Species Accounts
Amphibia
Family Allophrynidae
Allophryne ruthveni (Gaige 1926): Figure 2A
Sites: K1; K3; K5; K8
This species was encountered in four survey sites in the Kanuku Mountains. All of the
encountered individuals were in primary forest in vegetation 1-3 meters above the ground. Both
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adults and sub-adults were encountered. Allophryne ruthveni is classified by the IUCN as “Least
Concern” (LC; IUCN 2017), however the current population trend is decreasing due to localized
habitat loss.
This is a small species with a very small, triangular head that is broader than it is long.
The dorsal coloration and pattern is variable ranging from greyish-brown to cream-bronze with
dark spots or reticulum, often with a cream spot on the posterior surface of the upper arm. The
throat is black with white spots. Allophryne ruthveni is easily distinguished from other arboreal
anurans by the combination of its characteristic head shape, dorsal patterning, and truncate tips
of fingers and toes.
Family Aromobatidae
Anomaloglossus sp.: Figure 2B
Sites: K8
This small frog is represented only by a photo voucher from a single locality in the
Kanuku Mountains. It was encountered during the day along a small stream with a gravel
substrate that feeds into Mapari Creek. Upon being encountered, the frog quickly jumped and
retreated under a large rock. This is the first species of Anomaloglossus recorded in Guyana
outside of the Pakaraima Mountains. Most of this Guiana Shield genus have very narrow ranges
and many are recommended for consideration as critically endangered by the IUCN (Fouquet et
al. 2015, 2018). Based on the recent work (Vacher et al. 2017) and habitat where it was
encountered, this species is likely closely related to A. apiau (Antoine Fouquet pers. comms),
although specimens need to be collected for phylogenetic confirmation.
This species has a dark brown dorsal coloration with a faint tan lateral stripe extending
from the eye to the thigh which gets brighter posteriorly. Above and below the stripe is dark
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brown. A tan line extends from just below the nostril and runs below the eye to the front of the
shoulder. Arms and thighs are light brown with darker brown bands or mottling. A series of
white spots are on the lips and chin and extend to the flanks between the dark brown below the
lateral stripe and before the cream-yellow ventral surface. The chin is gray with some white
flecks between the arms. The surface of the belly is cream-yellow. The posterior portion of the
thighs is reddish-orange. The coloration of this species is unlike any other species of
Anomaloglossus currently known from Guyana and Suriname.
Family Bufonidae
Amazophrynella minuta (Melin 1941): Figure 2C
Site: K12
This species is recorded from the Kanuku Mountains by a photo voucher only. While this
species is diurnal, this individual was encountered during a night hike, likely awakened while
sleeping on low vegetation. Amazophrynella minuta is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This small-bodied toad has a granulous dorsum with an irregular pattern of patchy shades
of brown. It has a narrow head with a pointed snout. The ventral surface is dark reddish-brown
while the hind portion of the belly can be white, reddish, or orange with spots. This species most
closely resembles Atelopus hoogmoedi from which it differs by its granulous brown dorsum, as
opposed to the bright orange-yellow reticulations on a smooth brownish-black dorsum.
Atelopus hoogmoedi (Lescure 1974): Figure 2D
Site: K8
Atelopus hogmooedi were commonly found in primary forests predominantly in rocky
areas next to lotic bodies of water. Adults were most commonly recorded during the rainy
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season. Initially considered Atelopus spumarius, this species was removed from synonymy by
Lötters et al. (2005) which is supported by molecular evidence by Noonan and Gaucher (2005).
While A. hoogmoedi remains unlisted by the IUCN, A. spumarius is listed as “Vulnerable” (VU:
A3ce; IUCN 2017) because of a projected decline in the population inferred from declines in
other species of Atelopus due to chytridiomycosis (IUCN 2017). Populations in Guyana appear
to be stable (Ernst et al. 2005), however an assessment of the threat of chytridiomycosis is
lacking.
A small-sized toad with a narrow head and prominently tipped snout. The smooth dorsum
has a ground color of dark brown to black with a variable pattern of broad irregular yellow or
orange dorsolateral markings with black spots. The smooth ventral surface can be yellow, orange
or pinkish, sometimes with black spots. Notably, this species lacks a tympanum. Atelopus
hoogmoedi differs from other bufonids in the survey area by its bright coloration
Rhaebo guttatus (Schneider 1799): Figure 2E
Sites: YV; K8
While not considered an uncommon species, individuals of Rhaebo guttatus were
infrequently encountered during these surveys. Individuals were encountered in both the primary
forest within the Kanuku Mountains and were caught in pitfall traps set in gallery forest in
Yupukari Village. Rhaebo guttatus is listed as “Least Concern” (LC; IUCN 2017) due to its
broad geographic range.
A large-sized toad with skin on dorsum tuberculate and sometimes spiculate, with a
smooth head. The dorsal ground color is greyish brown to orange tan, but large turbercles can
range from orange to dark brown. The ventral surface can be pale grey, orange-brown, or greyish
brown, with grey spots. The lower lip has whitish-cream spots and its flanks are dark reddish
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brown to dark brown. Rhaebo guttatus can be easily distinguished from Rhinella marina, the
other large species of toad, by its spotted ventral surface and characteristic cream spots on its
lower lip.
Rhinella marina (Linnaeus 1758): Figure 2F
Sites: YV; DR; K4; K5; K11
Adults and juveniles were commonly encountered in open areas, farmland, and around
ponds in the savannah areas associated with Dadanawa Ranch and Yupukari Village. Within the
Kanuku Mountains, individuals were only recorded from survey sites within areas cleared for
farming. Rhinella marina is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
A very large-sized toad with the dorsal skin covered with large postules and the ventral
surface granular. The large head has ridges at the canthus rostralis, and above the eye and
tympanum. Dorsal coloration is beige-gray-brown with dark spots and the ventral surface is
white-cream with grayish spots. This species can be differentiated by all of the other toad species
in Guyana by the large postules on its back, large paratoid glands, and by its size.
Rhinella martyi (Fouquet et al. 2007a): Figure 2G
Sites: K1; K8
Rhinella martyi were recorded from the leaf litter in primary and secondary rainforest
within the Kanuku Mountain survey sites. While sometimes encountered away from water, most
individuals were encountered along flooded river beds during the rainy season. This species is
classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This medium-sized toad that is a highly polymorphic species. The dorsum can be dark
brown, light gray, or even reddish with a variety of dark brown small patches resembling the
patterns of leaves. Some individuals have a whitish middorsal strip. Fouquet et al. (2007a)
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proposed that up to five lineages of Rhinella margaritifera (Laurenti 1768) occur in the Guiana
Shield, with at least three not appearing to interbreed despite sympatry, which could signify
cryptic species. The lineage distributed in Guyana is herein considered Rhinella martyi. This
species can be distinguished from Rhinella margaritifera by its size (R. martyi larger in SVL
than R. margaritifera), the bony knob at the angle of the jaw (more developed in R. martyi),
height of supratympanic and supraorbital crests (shorter in R. martyi) and distance between
supratympanic crests (closer in R. martyi).
Rhinella merianae (Gallardo 1965): Figure 2H
Sites: YV
Individuals of Rhinella merianae were recorded from Yupukari Village in open areas and
in gallery forests. They were especially abundant during the onset of the rainy season when
males would gather and vocalize along semi-permanent ponds and roadside ditches that were
filled with water. This species was originally named Bufo granulosus merianae and more
recently referred to as Rhinella granulosa. A morphological review by Narvaes and Rodrigues
(2009) concluded that three species in the R. granulosa group occur in Guyana (R. merianae, R.
humboldti, and R. nattereri). Cole et al. (2013) recognizes only R. merianae, suggesting the need
for a review of this species complex including ontogenetic morphological development and
molecular analysis. Rhinella merianae lacks classification by the IUCN, however the account for
R. granulosa includes Guyana as part of its native range and classifies it as “Least Concern”
(LC; IUCN 2017). A review of this species complex is necessary to determine the number of
unique species, their range, and conservation status.
A small-sized toad with brown dorsum with dark brown to grayish markings; very
granular skin with pustules containing spinules. The ventral color is grayish with the abdomen in
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some individuals with gray, brown, or black spots. Bordering the canthus rostralis, eye, and
eardrum is a low, concave bony crest. Rhinella merianae differs from other species of toads in
the survey area by its very granular skin.
Family Centrolenidae
Vitreorana sp.: Figure 2I
Sites: K8
This species is recorded from one individual juvenile encountered on low vegetation
during the day, adjacent to a large creek in tropical rainforest.
Because the only individual encountered is not an adult, certain morphological
characteristics such as dorsal pattern are ambiguous. This individual most resembles Vitreorana
given the shape of its pupils and fingers. At present, only two species of Vitreorana are officially
recorded from Guyana, V. gorzulae and V. helenae (Cole et al. 2013). However, these species are
only known from the Guiana Highlands, in and around Kaieteur National Park. Frost (2018) lists
V. ritae as occurring in southern Guyana, making this a plausible candidate for its identification,
however collecting adults from the region is necessary.
Family Dendrobatidae
Ameerega trivittata (Spix 1824): Figure 2J
Sites: K5; K6; K10; K12
Adults were encountered on the forest floor of primary and secondary tropical forests and
were occasionally observed calling on fallen tree-trunks during the day. At night, a few
individuals were recorded sleeping on the end of immature palm leaves below 1 meter above the
ground. Ameerega trivittata is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
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A moderate size frog with finely granular skin along the dorsum and smooth skin on the
lateral and ventral surfaces. Fingers and toes lack webbing. The dorsum and flanks are black
with two green to yellow dorsolateral stripes extending from the snout to the hind legs and a
lateral stripe the same color anterior to arms, though very pale-yellow posterior to arms. The
chin, throat, and chest are black with light blue or cream spots on abdomen. This frog can be
distinguished from Lithodytes lineatus by the color of the dorsolateral stripes (always yellow in
L. lineatus) and the lack of round red spots at the armpits, groin, posterior part of thighs, and
inferior part of the legs.
Family Hylidae
Boana boans (Linnaeus 1758): Figure 2K
Sites: YV; K1; K5; K8
Individuals were encountered in primary and secondary forests along rivers and streams,
as well as in gallery forests near Yupukari Village. They were often calling from high in the
trees, especially ones adjacent to water. Egg nests have also been observed in mud basins next to
rivers and creeks. Boana boans is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This species is one of the largest species of hylid frogs that occurs in Guyana. It has
smooth dorsum is typically greenish to brown in males and orange-brown in females. Both sexes
have a uniform cream to white venter as well as an orange brown iris. Boana boans differs from
other species of Boana by its size and from other large hylids by the full webbing of its last three
fingers.
Boana calcarata (Troshcel 1848): Figure 2L
Sites: K8
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This species was uncommonly encountered during our surveys and is recorded from a
single individual collected from a small tree above a stream in primary forest. This location was
also where several Boana fasciata were collected. Boana calcarata is classified by the IUCN as
“Least Concern” (LC; IUCN 2017).
A moderate sized tree frog with a smooth dorsum that can be varying shades of brown,
often with a narrow, dark vertebral band. The granular ventral surface is white to bluish-white.
The flanks and hidden surfaces of the thighs are bluish white to blue with bold black bands.
There is a large, elongate triangular calcar on each heel. Boana calcarata differs from Boana
fasciata by the patterning of its flanks and hidden surfaces of its thighs (black bands in B.
calcarata and irregular black spots in B. fasciata) and by the size and shape of the calcar (large,
triangular in B. calcarata and small, conical in B. fasciata).
Boana cinerascens (Spix 1824): Figure 2M
Sites: K1
Boana cinerascens was only recorded at one survey site within in the Kanuku Mountains
and only one individual was encountered. This adult was found in vegetation above a small
swamp within a bamboo forest enclave in primary forest. This location is also where several
Boana fasciata were collected. Boana cinerascens is classified by the IUCN as “Least Concern”
(LC; IUCN 2017).
A moderate size tree frog with finely granular skin with a dorsal color of yellowish green
to green skin, sometimes with yellow or reddish flecks. There is often a chestnut brown bar on
the head between the eyes as well as a horseshoe-shaped mark on the snout. Iris color is light
orange to reddish orange with the outer edge of the upper eyelid yellow. Boana cinerascens can
be distinguished from Boana ornatissima in dorsal patterning (green with yellow or red flecks
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only in B. cinerascens rather than vertebral stripe that splits in circle or diamond in middle in B.
ornatissima).
Boana fasciata (Günther 1858): Figure 2N
Sites: K1; K6; K8
All Boana fasciata were encountered in primary forest habitats within the survey sites
located in the Kanuku Mountains. They were always encountered perched on branches of
vegetation along forest streams and swamps. A systematic review of the Boana fasciata species
complex (formerly Hypsiboas fasciatus) by Caminer et al. (2014) assigned B. fasciata sensu
stricto to populations on the western edge of the Amazon Basin in lower and upper montane
forests in Ecuador and Peru, determining populations from the Guiana Shield represent an
unconfirmed candidate species. Until a formal description of the Guiana Shield populations
occurs, we still treat this species as Boana fasciata, which is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
A small-moderate size tree frog with a smooth dorsum that can be varying shades of
brown with subtle brown to dark brown bands that extend onto the thighs, small black spots, and
sometimes a median stripe. Ventral surface is whitish and can be somewhat transparent. The
flanks and hidden parts of the thighs are light brown grey, yellow, or white, with light blue to
black irregular spots. Boana fasciata differs from Boana calcarata by the patterning of its flanks
and hidden surfaces of its thighs (irregular black spots in B. fasciata and black bands in B.
calcarata) and by the size and shape of the calcar (small, conical in B. fasciata and large,
triangular in B. calcarata).
Boana ornatissima (Noble 1923): Figure 2O
Sites: K8
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A single juvenile was encountered at night grasping the end of an unfurling leaf
approximately two meters from the edge of a creek and is recorded only by a photo voucher.
This species is noted to often be found with Centrolenids (Lescure & Marty 2000), with this
individual encountered only a few meters from the location of Vitreorana sp. Although B.
ornatissima is uncommon, it is classified by the IUCN as “Least Concern” (LC; IUCN 2017) due
to its broad distribution.
This small-moderate sized tree frog has a smooth yellow-green dorsal surface often with
dark red and yellow spots on the back and limbs. A horizontal brown bar extends between both
eyelids and a brown vertebral band which expanding into a square or circle in the center extends
down the back. The smooth ventral surface is yellow green. This species differs from other
hylids in the region by its distinct dorsal pattern.
Boana xerophylla (Duméril & Bibron 1841): Figure 3A
Sites: YV; DR
This species is very common at Dadanawa Ranch and Yupukari Village where they are
especially abundant in open areas. This species was frequently encountered sitting on the ground,
or in branches of trees or bushes, on logs, and human structures. This species was recently
separated from Boana crepitans (Orrico et al. 2017) on the basis of morphological,
morphometric, and molecular data, delimiting B. crepitans to central, eastern, and northeastern
Brazil, and B. xerophylla to northern South America including the Guiana Shield. As such, much
of the published literature formerly referencing B. crepitans now applies to B. xerophylla,
including the classification of “Least Concern” (LC; IUCN 2017).
It is a large-sized tree frog with smooth skin on the dorsal surfaces with patterns varying
in color, often white, green, or brown. Dorsal blotches may be present or absent. Dark bars are
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present on the thighs, extending from the upper surfaces to the rear surfaces. The ventral surface
is orange except for the throat and chest, which is white and can have brown flecking. Within the
same habitat, B. xerophylla can be easily distinguished from B. boans by its eyes. B. xerophylla
has a horizontal pupil with an iris that is pale gray at the center and greenish-yellow at the edges,
whereas B. boans has a rhomboid pupil with a black iris at the center which changes to light
orange at the edges.
Dendropsophus leucophyllatus (Beireis 1783): Figure 3B
Sites: K2
All individuals were recorded from the Kanuku Mountains observed on one evening on
vegetation above a swamp in primary forest. This species likely has localized populations
throughout the Kanukus associated with permanent swamps and ponds in tropical rainforest.
Caminer et al. (2017) revealed Dendropsophus leucophyllatus to be a species complex with D.
leucophyllatus sensu stricto occurring in the Guianan region. As a result, the classification of D.
leucophyllatus as assessed in 2004 as “Least Concern” (LC; IUCN 2017) is in need of updated
assessment.
This small tree frog has brown-red irises and a smooth brown dorsum and legs with large
spots of white to bright yellow. The brown flanks transition to an orange-red ventral surface.
This species can be distinguished from other co-occurring species by its unique coloration and
pattern.
Dendropsophus minusculus (Rivero 1971): Figure 3C
Sites: YV; K6
Adult D. minusculus were recorded from open swamps and ponds within the north
Rupununi Savanna around Yupukari Village. In these habitats, males were sometimes observed

59

vocalizing, though vocalizations were not recorded. Two individuals corresponding
morphologically to D. minusculus were also encountered in primary forest in the central portion
of the Kanuku Mountains on vegetation approximately one meter above a small swamp. D.
minusculus is typically associated with the Llanos of eastern Colombia and the lowland savannas
of southeastern Venezuela, the Guianas, and Belém, Brazil (Frost 2018), and is classified by the
IUCN as “Least Concern” (LC; IUCN 2017).
This small species has a smooth dorsal surface that can be silver-white to orange-brown
with a white dorsolateral line extending from the snout to behind the eye. The venter, flanks, and
loreal area is greyish-white, with males having a green throat. D. minusculus can be
distinguished from other co-occurring species by its small size. Scinax ruber, which also has
dorsolateral lines, is larger and has longer snout.
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Figure 2. Amphibian species present in Yupukari Village, Dadanawa Ranch, and the
Kanuku Mountains Part I. A: Allophryne ruthveni B: Anomaloglossus sp. C: Amazophrynella
minuta D: Atelopus hoogmoedi E: Rhaebo guttatus F: Rhinella marina G: Rhinella martyi H:
Rhinella merianae I: Vitreorana sp. J: Ameerega trivittata K: Boana boans L: Boana calcarata
M: Boana cinerascens N: Boana fasciata O: Boana ornatissama
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Lysapsus laevis (Parker 1935): Figure 3D
Sites: YV; DR
This aquatic species was very abundant around open ponds in the savanna where they
would gather at the pond edge. They were also encountered in depressions in the savannah and
roads made by vehicles after they filled with water. Lysapsus laevis is classified by the IUCN as
“Least Concern” (LC; IUCN 2017).
This small, aquatic species is olive green irregular black, brown, or grey flecking,
sometimes with a tan to brown vertebral stripe. A cream, sometimes broken stripe, extends down
the sides. The ventral surface is yellowish cream, sometimes with white dots extending towards
the legs, while the pale greenish-yellow chin and throat can have cream or yellow dots.
Osteocephalus leprieurii (Duméril & Bibron 1841): Figure 3E
Sites: K1; K2; K3; K8
Adults were encountered in a variety of survey sites throughout the Kanuku Mountains.
They were most often encountered on tree trunks or branches of trees in primary forest. One
male was encountered during the rainy season in thick vegetation overhanging a wide creek.
Osteocephalus leprieurii is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
A medium-sized tree frog whose dorsal and lateral coloration varies from beige to dark
brown sometimes with subtle bands or spots on the back with darker bands on the limbs. The
ventral color is white yellow Osteocephalus leprieurii differs from Osteocephalus oophagus by
its smoother skin and iris color (yellow above the pupil and brown below in O. leprieurii rather
than radiated yellow and black in O. oophagus).
Osteocephalus oophagus (Jungfer & Schiesari 1995): Figure 3F
Sites: K8

62

Only two individuals were encountered, both in the in the phytotelm of bromeliads in
primary rainforest in close proximity to a large creek. This species is classified by the IUCN as
“Least Concern” (LC; IUCN 2017).
This moderate sized tree frog has a dorsum of brown or grayish tan with darker brown
markings. The tan ventral surface is marked with darker tan markings. The iris is gold with black
radiating lines extending from the pupil. Osteocephalus oophagus differs from Osteocephalus
leprieurii by its iris (golden iris with fine black lines in O. oophagus rather than yellow above
and brown below the pupil) as well as its toe webbing (2/3 to 3/4 webbed in O. oophagus and
fully webbed in O. leprieurii).
Phyllomedusa bicolor (Boddaert 1772): Figure 3G
Sites: YV; K2; K5; K8
Adults were encountered in both primary rainforest of the Kanuku Mountains as well as
in primary savannah forest. This species was always recorded in trees along permanent pools,
though was uncommon in Yupukari Village. Phyllomedusa bicolor is classified by the IUCN as
“Least Concern” (LC; IUCN 2017).
This large tree frog has a smooth, green dorsum which transitions along the flanks to
black-bordered white spots, which also occur on the anterior and posterior parts of limbs and
cloaca. The ventral coloration is light gray which becomes yellowish towards the limbs. A silvergrey iris surrounds the vertical pupil. A dorsolateral fold extends from the snout to the groin,
which includes the paratoid gland. This species can be distinguished from the other large tree
frogs by its leaf green coloration.
Scinax nebulosus (Spix 1824): Figure 3H
Site: DR
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This species is only recorded from two individuals collected at Dadanawa Ranch. Both
individuals were encountered near the main house, where one was collected on a large boulder at
the edge of the Rupununi River. Scinax nebulosus is classified by the IUCN as “Least Concern”
(LC; IUCN 2017).
This species has a tuberculate dorsum that can be light brown, dark brown, or greenishbrown with either beige or dark brown blotches. The limbs have dark bands and the granulous
ventral surface is pale/whitish. The brownish-grey iris has an incomplete brown cross. Scinax
nebulosus differs from other co-occurring tree frogs by the tubercles on its dorsum.
Scinax rostratus (Peters 1863): Figure 3I
Sites: YV
This species was recorded from Yupukari Village, where locals refer to this species as
“boat frog” as it is often found in boats tied up along the Rupununi River. The photograph
represents the first record of this species in Guyana, which fills in previously assumed
distribution gaps in Sturaro (2010). This species was also recently recorded from Roraima, Brazil
(Giaretta & Bang 2017). Scinax rostratus is classified by the IUCN as “Least Concern” (LC;
IUCN 2017).
This moderate sized species of tree frog has smooth dorsal skin with a few low tubercles,
with no tubercles along the margin of the lower jaw and reduced tubercles on the heel. Its
conspicuous roundly acuminate snout lacks a fleshy proboscis found in other species (ie. Scinax
proboscideus). The surfaces of the thighs are orange with vertical, broad dark bars. This species
differs from other species of Scinax that live in the same habitat by its characteristic snout and
the coloration pattern (orange and black surfaces of the thigh in S. rostratus, rather than black
and white markings on posterior thighs in S. ruber).
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Scinax ruber (Laurenti 1768): Figure 3J
Sites: YV
Individuals were frequently encountered in bushes and vegetation in open areas, typically
around water. They were also very common in or near human structures. Scinax ruber is
classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This medium sized frog has a dorsal coloration of yellowish brown, olive brown or
orange-brown and is smooth without tubercles. There is often a brown interorbital band from the
snout to the eye which may extend to the flanks. The posterior thighs are marked by light to dark
yellow spots, which are reticulated by black. Its ventral surface is white gray to white yellow
with males having a yellow throat. This species differs from the sympatric species Scinax
rostratus by its smaller size and rounded rather than acuminate, projecting snout.
Scinax sp.: Figure 3K
Sites: K2; K8
This species was encountered on several occasions in two survey locations. In K2, the
individual was found on the side of a tree in primary forest near the creek. In K8, individuals
were found in primary forest and bamboo forest. All individuals were found no more than 2m
above the ground.
This species corresponds to Scinax sp. in Cole et al. (2013), which was considered likely
to be a new species. The dorsal surfaces are tan, both light and dark while ventral surfaces are
pale translucent tan with a yellow throat and chin. The iris contains reticulation of black and
copper.
Scinax x-signatus (Spix 1824): Figure 3L
Sites: DR
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This species was uncommonly encountered, recorded from only a single individual found
on a tree next to the main house in Dadanawa Ranch in open, savannah habitat. Scinax x-signatus
is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This moderate sized tree frog has a finely granulated dorsal surface that is brown or
tannish sometimes with dark gray, brown, or black markings. The limbs and flanks have small to
large black spots. The anterior and posterior thighs have yellow or gold spots with black edging,
or mottling. The chin and chest are white or cream, with gray dots on the chin, and the abdomen
is translucent gray. This species differs from other species of Scinax by its finely granulated skin.
Trachycephalus typhonius (Linnaeus 1758): Figure 3M
Sites: YV
This species was only encountered in Yupukari Village, where it is recorded from
photographic vouchers. It was often found in areas bordering agricultural land, in secondary
forest, and in human structures including houses and Caiman House lodge. Trachycephalus
typhonius is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This large tree frog has a pustulous dorsum and flanks with a reticulated dark brown,
olive green, or gray color, often with irregular dorsal spots forming a band or X-pattern. The
limbs are the same color as the dorsum and have dark brown bands. The granulous ventral
surface is whitish-cream. The gold iris is interrupted by dark flecks. This species is
distinguishable from other large tree frogs by its size and unique dorsal pattern.
Family Leptodactylidae
Adenomera andreae (Müller 1923): Figure 3N
Sites: YV; K5; K11
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This species is locally abundant within the Kanuku Mountains where it was most
commonly encountered in the mornings and afternoons on the forest floor within groves of palm
trees in primary forest. Individuals were also caught in pitfall traps set in gallery forests in
Yupukari Village. Adenomera andreae is classified by the IUCN as “Least Concern” (LC; IUCN
2017).
This small leptodactylid frog has a pustulous dorsum with variable coloration including
combinations of brown, black, and grey or a uniform brown. Orange to yellow dorsolateral bands
are present in some individuals as well as a short medial stripe. The belly is white, and the throat
and chin are pinkish-grey. The iris is brownish-copper. Adenomera andreae differs from other
leptodactylids which occupy similar habitats by its pustulous skin.
Leptodactylus fuscus (Schneider 1799): Figure 3O
Sites: YV; DR; K5
This species was common on the ground in savannah vegetation, especially at night.
They were also sometimes observed near temporary bodies of water along roads in open habitat.
A single individual was also encountered in area of disturbed forest within the Kanuku
Mountains. Leptodactylus fuscus is classified by the IUCN as “Least Concern” (LC; IUCN
2017).
This moderate sized frog has a gray to olive green dorsal coloration with brownish black
spots. There are four dorsal skinfolds and two dorsolateral skinfolds. A white band runs from the
tip of the snout to the arm, enclosing the tympanum. The ventral coloration is white with black
spots on the throat. Leptodactylus fuscus can be differentiated from the similar species
Leptodactylus macrosternum by its size (L. fuscus is smaller than L. macrosternum) and number
of dorsal and dorsolateral folds (up to six in L. fuscus and up to 10 in L. macrosternum).
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Figure 3. Amphibian species present in Yupukari Village, Dadanawa Ranch, and the
Kanuku Mountains Part II. A: Boana xerophylla B. Dendropsophus leucophyllatus
C: Dendropsophus minisculus D: Lysapsus laevis E: Osteocephalus leprieurii F: Osteocephalus
oophagus G: Phyllomedusa bicolor H: Scinax nebulosus I: Scinax rostratus J: Scinax ruber
K: Scinax sp. L: Scinax x-signatus M: Trachycephalus venulosus N: Adenomera andreae
O: Lepdodactylus fuscus
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Leptodactylus guianensis (Heyer & de Sá 2011): Figure 4A
Sites: DR; K2; K5; K8
This species is locally abundant in forested regions associated with creeks and rivers.
They were often observed at night on steep, muddy riverbanks, sometimes at the entrance of
small burrows. During all surveys, no juveniles were encountered. Leptodactylus guianensis has
not been assessed for the IUCN Red List.
This species is light brown with darker brown markings on the head, body, and limbs and
has distinct dorsolateral folds with a reddish-brown stripe. Between the dorsolateral folds, the
skin is smooth, while cream and dark brown pustules occur on the flanks. The lower lips are
brown with cream spots. Ventral coloration can be yellowish cream, tan, or gray, sometimes with
tan or gray mottling. Some individuals may have a yellow wash in the groin. Leptodactylus
guianensis differs from other leptodactylids by its complete dorsolateral skin folds and habitat
association with rivers and creeks.
Leptodactylus knudseni (Heyer 1972): Figure 4B
Sites: K5; K6; K8
This is a common species in primary forest. Adults were encountered at night, often in
front of burrows or hollow, fallen tree trunks. Juveniles were often encountered during the day in
the leaf litter of the forest floor. Leptodactylus knudseni is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This large species of frog has a smooth dorsum except for some postules in the shoulder,
groin, and posterior portion of the back. The dorsal coloration is brown-reddish to bronze with
transversal bands of brown-red bordered by black. Black spots dot the upper and lower lips. The
posterior portions of the thighs are black with orange bands. The ventral surface is light gray
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fading to light yellow on the posterior portion. This species differs from Leptodactylus
pentadactylus by the dorsolateral folds, which starts behind the eye and ends 2/3 of the back in L.
knudseni rather than complete in L. pentadactylus.
Leptodactylus macrosternum (Miranda-Ribeiro 1926): Figure 4C
Sites: YV; DR
This species was typically associated with aquatic systems within savannah survey sites.
Individuals were encountered along the shoreline of the Rupununi River, on the margins of
oxbow lakes, and in small sloughs in the savannah. The IUCN Red List treats L. macrosternum
as a synonym of L. latrans and classifies the species as “Least Concern” (LC; IUCN 2017).
However, Heyer (2014) determined that morphological data alone is insufficient for delineating
species limits for members of the L. latrans complex northern South America, thus we follow
Cole et al. (2013) in recognizing L. macrosternum in Guyana.
This medium sized frog has a tan or greenish brown dorsum with darker brown spots on
the head, body, and arms. The chin and throat are cream while the chest and abdomen are cream
to pale yellow. Sometimes the gray mottling on the chin and throat extends to the abdomen. This
species can have up to 10 dorsal and dorsolateral folds, distinguishing it from Leptodactylus
fuscus (up to 6) which occurs in the same habitat, in addition to its larger size.
Leptodactylus myersi (Heyer 1995): Figure 4D
Sites: K2; K5; K6; K8
This species appears abundant in regions of primary forest associated with rocky areas.
Adults were often seen at the edges of large rocky outcrops where there were regions for retreat
if alarmed. Juveniles were often encountered at night along expansive boulders that stretched
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into large, fast-flowing creeks. Leptodactylus myersi is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This large species of frog has rough, tuberculous dorsal skin that is brown to yellow
brown with an irregular, dark brown pattern. The limbs have dark brown bands and the posterior
part of the thighs is red with black bands. Flanks are light brown to brown gray with black spots.
The ventral surface is cream with black spots at the posterior portion. This species differs from
Leptodactylus knudseni and Leptodactylus pentadactylus by its smaller adult size and its
tuberculous dorsum. This species was recently first reported for Guyana at Kusad Mountain
(Snyder et al. 2016), a forested rocky outcrop southwest of the Kanuku Mountains.
Leptodactylus mystaceus (Spix 1824): Figure 4E
Sites: K1; K2; K5; K6; K7; K8
This species is common in the leaf litter of primary and secondary forests. It was most
abundant in forests that were dominated by large Mora trees (Mora excelsa). Leptodactylus
mystaceus is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This medium sized terrestrial frog has smooth dorsal and ventral skin with granular
flanks. The dorsal color is brown red or brown yellow with a darker brown interorbital triangle
with additional dark brown transverse bands often bordered by white lines. This species has two
complete dorsolateral folds and supratympanic folds ending at the shoulder. A white supralabial
band extends from the nostril to the end of the supratympanic fold and also touches the eye.
Above the white supralabial band is a black band bordered by a thin white line from the nostril to
the eye, continuing along supratympanic fold. The venter is white to yellowish. This species can
be distinguished from all other Leptodactylus in the area by the black band extending from the
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nostril to the supratympanic fold, bordered above by a white line and below by a white
supralabial band.
Leptodactylus pentadactylus (Laurenti 1768): Figure 4F
Site: K8
This species was infrequently encountered in the Kanuku Mountains and is represented
only by a photographic voucher. This individual caught was found outside of a burrow near a
large, rocky outcrop in primary forest. This species is classified by the IUCN as “Least Concern”
(LC; IUCN 2017).
This large species of frog has a smooth dorsal surface that is brownish red in color with
several dark brown transversal bands that may be bordered by black lines in adults and white
lines in juveniles. A black band extends from the tip of the snout to the eye and continues along
the supratympanic fold. The thighs have grayish black bands with the posterior part spotted with
black and white. The ventral surface is gray with light patches. This species can be distinguished
from Leptodactylus knudseni by its dorsolateral folds (complete in L. pentadactylus and 2/3-3/4
complete in L. knudseni) and its supratympanic fold (continues to flank in L. pentadactylus rather
than bending to the shoulder in L. knudseni).
Leptodactylus petersii (Steindachner 1864): Figure 4G
Sites: K5
Leptodactylus petersii were commonly encountered in primary forest and was always
associated with flooded areas and swamps. Males were frequently heard calling from the under
vegetation in the water at dusk and into the night. This species is classified by the IUCN as
“Least Concern” (LC; IUCN 2017).
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This small terrestrial species exhibits much variation in its dorsal coloration, often light
brown, grey brown, to dark brown, with dark brown markings on the arms and legs. A dark
brown triangular spot often extends between the eyes to the anterior portion of the back. The
smooth ventral surface is white or cream with gray mottling or spots. In Guyana, this species can
be distinguished from Leptodactylus validus by its habitat (L. petersii occurring exclusively in
primary forest) and size (L. petersii is larger).
Leptodactylus validus (Garman 1888): Figure 4H
Sites: YV
Leptodactylus validus were uncommonly encountered in the survey sites. Adults were
encountered in edge habitats between gallery forest and open areas. This species is classified by
the IUCN as “Least Concern” (LC; IUCN 2017).
This small, terrestrial species has a tuberculate dorsum with two short to medium, often
disconnected, dorsolateral folds. The dorsal color is typically grey brown, often with a dark
brown interorbital triangle bordered by a black line. Many individuals display distinct labial
bands extending from the middle of the eyes. The ventral surface is cream which can be finely
or extensively mottled with grey. The tips of the fingers are white. In Guyana, this species can be
distinguished from Leptodactylus petersi by its size (L. validus is smaller) and habitat association
(L. validus occurs in open areas rather than primary forest).
Lithodytes lineatus (Schneider 1799): Figure 4I
Sites: K4; K8
Lithodytes lineatus was not commonly encountered during our surveys. All individuals
were adults found in primary rainforest near the nests of leaf-cutter ants (Atta sp.). This species is
classified by the IUCN as “Least Concern” (LC; IUCN 2017).
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This moderate sized frog has a granular dorsal surface that is brown black to black with
two yellow dorsolateral bands extending from the snout to the groin. White to yellow spots occur
between the tympanum and the shoulder. The smooth ventral surface is white to brown gray
sometimes with white flecks. Red round spots occur at the armpits, groin, posterior part of the
thighs, and inferior part of legs. Transverse brown bars are on the limbs, which are bluish in
juveniles. This species looks similar to Ameerega trivittata but differs in the color of the
dorsolateral stripes (yellow gold in L. lineatus rather than greenish-yellow in A. trivittata) and
lack of the lateral stripe extending from under the eye to the hind leg as in A. trivittata.
Physalaemus cuvieri (Fitzinger 1826): Figure 4J
Sites: YV; K5; K6
Adults were found in tropical moist lowland forest, often at the edge of swamps. Adults
were also encountered in seasonally wet portions of grasslands and edge habitats. Formerly, this
species was classified in Guyana as Physalaemus ephippifer. However, Cole et al. (2013)
determined that the vouchers from Guyana compare favorably to the characters given in Gorzula
and Señaris (1999) for P. cuvieri. Physalaemus cuvieri is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This small frog has a brown dorsum, sometimes patterned with irregular dark brown
blotches. The snout is tan, and a dark brown stripe extends ventrally from the eye past the
midbody. A small tan spot occurs on the upper back and around the midbody extends a tan
vertebral line. The arms and legs are tan with brown bands. The groin, behind the knee, down
rear of lower leg, and anteriorly on the ankle are bright pinkish-orange. The abdomen is pale
yellow while the throat and chest are grey. Physalaemus cuvieri differs from other species that
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occupy similar habitats by its short, pointed snout in combination with the bright pink-orange the
groin.
Pleurodema brachyops (Cope 1869): Figure 4K
Sites: YV
Pleurodema brachyops was a very common species, especially at the onset of the rainy
season. Adults were occasionally encountered in open grassland and savannahs in dry areas but
congregate in large numbers around pools of water during the breeding season. This species is
classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This small to moderate sized terrestrial species has a smooth yellowish tan or gray
dorsum with grayish green markings. Some individuals display a thin, broken tan or orange
vertebral stripe. Notably, black with light blue grey “eyespots” are present on the posterior
portion of the lateral abdomen. Bright orange-red flash marks cover the groin, behind the thigh
and knee, beneath the lower leg, and anterior of the ankle. The abdomen is cream. Pleurodema
brachyops is easily differentiated from all other species of terrestrial frogs by the presence of the
posterior eyespots.
Family Microhylidae
Chiasmocleis shudikarensis (Dunn 1949): Figure 4L
Sites: K8
This species is recorded from two individuals found in the leaf litter of primary forest
during a light rain in close proximity. Here, primary forest transitioned to bamboo forest which
preceded a small farm. However, the infrequent encounter rate of this species is likely due to its
secretive behavior when it is not the breeding season. Chiasmocleis shudikarensis is classified by
the IUCN as “Least Concern” (LC; IUCN 2017).
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This small microhylid frog has an oval shape with a small head. The smooth dorsal
surface can be varying tones of brown, gray, and tan, often with tiny light dots. In some
individuals, a thin yellow vertebral line is present which joins a narrow line on the posterior
surface of the thighs. The flanks are greyish. The abdomen is white with dark brown to black
spots and reticulations, which also occur on the ventral and anterior surfaces of the thighs.
Chiasmocleis shudikarensis can be distinguished from the other microhylids by its coloration
(lacking bright ventral coloration present in E. surinamensis) and shape (more elongate than C.
geayi).
Ctenophryne geayi (Mocquard 1904): Figure 4M
Sites: K5
This species is only recorded from two individuals. Like C. shudikarensis, its secretive
behavior except during brief reproductive explosions are responsible for the few records. One
individual was collected in the morning in the leaf litter of primary rainforest while the other was
a partially digested specimen (USNM 589097) removed as a prey item from the gut of the snake
Leptodeira annulata (USNM 589093). Ctenophryne geayi is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This microhylid can reach the largest size of the three recorded microhylids. C. geayi has
a short, triangular head with a granulous grayish, brown dorsum and thin, light tan vertebral line.
Lateral surfaces are dark chestnut brown beneath a white lateral stripe that occurs on the head,
arms, body, and legs. The ventral surface is black with irregular white spots, which are smaller
on the throat. Ctenophryne geayi can be distinguished from the other microhylid frogs by its
larger size, and coloration (notably the white lateral stripe above dark chestnut brown on the
flanks).
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Elachistocleis surinamensis (Daudin 1802a): Figure 4N
Sites: YV; K5
Individuals were encountered either on the forest floor during rain or within rotting
trunks of fallen palm trees in primary and secondary forest. Within the savannah habitats, they
were often abundant after heavy rain showers and were also caught in pitfall traps placed in
gallery forests. The specific assignment of Elachistocleis species in the Guianan region has been
the subject of confusion for many years (Lavilla et al. 2003; Caramaschi 2010). All specimens
analyzed in Cole et al. (2013) from Guyana have the characters representing E. surinamensis,
noting the specimens are similar to what has been described for E. surinamensis and E. surumu.
The species encountered during these surveys display the characters for E. surinamensis,
however this group would benefit from further taxonomic investigation including molecular data.
Elachistocleis surinamensis is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This moderate sized species has an oval shaped body and smooth skin with a small,
triangular head. The dorsal, lateral, and ventral color is gray black with small white spots. The
ventral surface has large, irregular yellow to orange spots, which are also present at the groin and
posterior side of the thighs. This species differs from other microhylid frogs from the region by
its bright ventral coloration.
Family Pipidae
Pipa pipa (Linnaeus 1758): Figure 4O
Sites: K8
This species was commonly encountered at night in aquatic systems associated with
primary forest. Adults were recorded in permanent and temporary swamps as well as slowmoving streams. Pipa pipa is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
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This species one of the most recognizable anurans in this region. This large species has a
dorsolaterally depressed body and triangular shaped head with a truncate snout. The tuberculate
dorsum is dark grayish brown, sometimes with mottling. The flanks and ventral surface are white
to light brown with dark spots. Often, a dark brown or black midventral line extends from the
cloaca to the middle of a ventral transverse black line in the throat region. The fingers end into
four, often double pointed lobes. This species differs from other frogs in the region by its
depressed body and head, body shape, and divided lobes on the fingers.
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Figure 4. Amphibian species present in Yupukari Village, Dadanawa Ranch, and the
Kanuku Mountains Part III. A: Leptodactylus guianensis B. Leptodactylus knudseni
C: Leptodactylus macrosternum D: Leptodactylus myersi E: Leptodactylus mystaceus
F: Leptodactylus pentadactylus G: Leptodactylus petersi H: Leptodactylus validus I: Lithodytes
lineatus J: Physalaemus cuvieri K: Pleurodema brachyops L: Chiasmocleis shudikarensis
M: Ctenophryne geayi N: Elachistocleis surinamensis O: Pipa pipa
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Table 3: Taxonomic list of reptiles reported from Yupukari Village, Dadanawa Ranch, and
the Kanuku Mountains. Results from the 1993 Conservation International Rapid Assessment
Program inventory are included for comparison. Asterisk indicates species recorded during CI
RAP, but not during our surveys. Site abbreviations are as follows: YV = Yupukari Village, DR
= Dadanawa Ranch, CI = CI Rapid Assessment Program, KM = Kanuku Mountains.
Distribution in Kanuku Mountains follows Table 1: 1 = Ants Creek, 2 = Crabwood Creek, 3 =
Haiari Creek, 4 = Kumerang, 5 = Kukrit Stump Camp, 6 = Land Turtle Landing, 7 = Mapuro, 8
= Mapari Creek, 9 = Moco-Moco, 10 = Nappi, 11 = Salipenta Farm, 12 = Maipaima Creek.
Taxon
YV DR CI
KM
REPTILIA
CROCODYLIA
Alligatoridae
Caiman crocodilus (Linnaeus 1758)
x
7, 8
Melanosuchus niger (Spix 1825)
x
x
5, 7-8
Paleosuchus palpebrosus (Cuvier 1807)
x
Paleosuchus trigonatus (Schneider 1801)
1, 8
SQUAMATA
AMPHISBAENIA
Amphisbaenidae
Amphisbaena alba (Linnaeus 1758)
x
Amphisbaena fuliginosa (Linnaeus 1758)
x
SAURIA
Dactyloidae
Anolis auratus (Daudin 1802c)
x
Anolis fuscoauratus (Duméril & Bibron 1837)
2
Anolis planiceps (Troschel 1848)
x
1-2, 4-6, 8
Gekkonidae
Hemidactylus mabouia (Moreau de Jonnés 1818)
x
x
Hemidactylus palaichthus (Kluge 1969)
x
x
Gymnopthalmidae
Cercosaura ocellata (Wagler 1830)
x
x
5, 8
Gymnophthalmus underwoodi (Grant 1958)
x
x
Gymnopthalmus vanzoi (Carvalho 1999)
x
Loxopholis guianense (Ruibal 1952)
x
5
Loxopholis percarinatum (Müller 1923)
2, 5
Neusticurus bicarinatus (Linnaeus 1758)
8
*Neusticurus rudis (Boulenger 1900)
x
Iguanidae
Iguana iguana (Linnaeus 1758)
x
x
8
Phyllodactylidae
Thecadactylus rapicauda (Houttuyn 1782)
x
x
3, 5, 8, 11
Polychrotidae
Polychrus marmoratus (Linnaeus 1758)
x
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Scincidae
Copeoglossum nigropunctatum (Spix 1825)
Sphaerodactylidae
Chatogekko amazonicus (Andersson 1918)
Gonatodes humeralis (Guichenot 1855)
Pseudogonatodes guianensis (Parker 1935)
Teiidae
Ameiva ameiva (Linnaeus 1758)
Cnemidophorus lemniscatus (Linnaeus 1758)
Kentropyx calcarata (Spix 1825)
Kentropyx striata (Daudin 1802b)
Tupinambis teguixin (Linnaeus 1758)
Tropiduridae
Plica umbra (Linnaeus 1758)
Tropidurus hispidus (Spix 1825)
Uranoscodon superciliosus (Linnaeus 1758)
OPHIDIA
Aniliidae
Anilius scytale (Linnaeus 1758)
Boiidae
Boa constrictor (Linnaeus 1758)
Corallus caninus (Linnaeus 1758)
Corallus hortulanus (Linnaeus 1758)
Epicrates cenchria (Linnaeus 1758)
Epicrates maurus (Gray 1849)
Eunectes murinus (Linnaeus 1758)
Colubridae
Chironius carinatus (Linnaeus 1758)
Chironius exoletus (Linnaeus 1758)
Chironius fuscus (Linnaeus 1758)
Chironius scurrulus (Wagler 1824)
Dendrophidion dendrophis (Schlegel 1837)
Drymarchon corais (Boie 1827)
Drymoluber dichrous (Peters 1863)
Leptophis ahaetulla (Linnaeus 1758)
Mastigodryas bifossatus (Raddi 1820)
Mastigodryas boddaerti (Sentzen 1796)
Oxybelis aeneus (Wagler 1824)
Oxybelis fulgidus (Daudin 1803a)
Rhinobothryum lentiginosum (Scopoli 1785)
Spilotes pullatus (Linnaeus 1758)
Tantilla melanocephala (Linnaeus 1758)
Dipsadidae

x

x
x
x
x
x
x
x
x
x

x

x

5, 8

x

8
5-6, 8
5, 8

x

5, 8, 11

x

5, 8

x
8, 11

x

x
x
x

5, 8, 10, 12
1, 5, 7-8
9

x
x
x
x
x

x
x
x
x

4

x
x
x
x

x

x
x
x
x
x
x
x
x
81

3
2, 8
5, 8, 11
8

8, 11
8, 11
5
8, 11
12
8
6, 8

x
x
x

3, 5

x

8
x

Atractus torquatus (Duméril et al. 1854)
Atractus trilineatus (Wagler 1828)
Dipsas catesbyi (Sentzen 1796)
Dipsas variegata (Duméril et al. 1854)
Erythrolamprus aesculapii (Linnaeus 1766)
Erythrolamprus miliaris (Linnaeus 1758)
Erythrolamprus poecilogyrus (Wied-Neuwied 1825)
Erythrolamprus reginae (Linnaeus 1758)
Erythrolamprus typhlus (Linnaeus 1758)
Imantodes cenchoa (Linnaeus 1758)
Leptodeira annulata (Linnaeus 1758)
Lygophis lineatus (Linnaeus 1758)
Oxyrhopus melanogenys (Tschudi 1845)
Oxyrhopus petolarius (Linnaeus 1758)
Philodryas argentea (Daudin 1803b)
Philodryas viridissima (Linnaeus 1758)
Phimophis guianensis (Troschel 1848)
Pseudoboa coronata (Schneider 1801)
Pseudoboa neuwiedii (Duméril et al. 1854)
Sibon nebulatus (Linnaeus 1758)
Siphlophis compressus (Daudin 1803b)
Xenodon rabdocephalus (Wied-Neuwied 1824)
Elapidae
Micrurus averyi (Schmidt 1939)
Micrurus lemniscatus (Linnaeus 1758)
Micrurus surinamensis (Cuvier 1817)
Leptotyphlopidae
Epictia tenella (Klauber 1939)
Trilepida dimidiata (Jan 1861)
Typhlopidae
Amerotyphlops reticulatus (Linnaeus 1758)
Viperidae
Bothrops atrox (Linnaeus 1758)
Bothrops bilineatus (Wied-Neuwied 1821)
Crotalus durissus (Linnaeus 1758)
Lachesis muta (Linnaeus 1766)
TESTUDINES
Chelidae
Chelus fimbriata (Schneider 1783)
Mesoclemmys gibba (Schweigger 1812)
Platemys platycephala (Schneider 1792)
Geoemydidae
Rhinoclemmys punctularia (Daudin 1801)
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x
x
x
x
x
x

x
x

x
x
x
x

x
x

8
1-2, 8
8-9
8
2, 8

8
8
5

x

x
x
x
x
x
x

8, 11
8
10, 12
2
8

8-9
8
8
5, 8
8, 11

x

8
x
x
x

2, 8-9
8

x
1, 2, 5, 10, 12

x
8
6
1

Podocnemidae
Podocnemis unifilis (Troschel 1848)
Testudinidae
Chelonoidis carbonarius (Spix 1824)
Chelonoidis denticulatus (Linnaeus 1766)

x
x

5, 7, 8
x

x
2, 5, 7-8

Reptiles
Family Alligatoridae
Caiman crocodilus (Linnaeus 1758): Figure 5A
Sites: YV; K7; K8
In certain survey sites, Caiman crocodilus were locally common. They were often
observed at the edge of creeks during the day where they would lie in the water near channels
they carved through the mud for retreats. They were generally more common in areas of still or
slow-moving water Occasionally, juveniles were observed during night river surveys. Caiman
crocodilus is classified by the IUCN as “Lower Risk/Least Concern” (LRlc, IUCN 2017).
This medium sized caiman reaches lengths of up to three meters, though individuals of
this size are rare. As adults, they are dull olive-green in color, changing from yellowish with
black spots and bands on the body and tail as juveniles. A defined infra-orbital bridge present
between the front of the eyes and the triangular ridge on each upper eyelids distinguish this
species from the other three caiman species in Guyana.
Melanosuchus niger (Spix 1825): Figure 5B
Sites: YV; DR; K5; K7; K8
Melanosuchus niger were commonly observed in many study sites, but only those that
were in close proximity to the Rupununi River. Individuals of many age classes were observed
throughout the Rupununi River where they were often seen on sandy banks before retreating into

83

the river upon being disturbed by boat noise. Melanosuchus niger is classified by the IUCN as
“Lower Risk/Least Concern” (LRlc, IUCN 2017).
This is the largest caiman in Guyana, reaching approximately four meters. They are dark
in color, generally black or dark brown, with pale yellow or white bands across the body and tail
which are light tan or yellow on the neck and base of skull. The sides of the jaws have three to
five large dark blotches. This species can be distinguished from the other species of caiman due
to its large size and distinctly larger eyes. It is most likely to overlap general habitats with
Caiman crocodilus from which it is easily distinguishable by the lack of the infra-orbital bridge.
Paleosuchus palpebrosus (Cuvier 1807): Figure 5C
Sites: DR
This species is typically associated with forested riverine habitats, with a preference for
fast-flowing rivers and streams. One individual was encountered in a clear, mountain pool
around Dadanawa Ranch, while another was encountered during the day in a temporary pool of
water within the savannah, likely while nocturnally traveling overland between gallery forests.
Paleosuchus palpebrosus is classified by the IUCN as “Lower Risk/Least Concern” (LRlc,
IUCN 2017).
This small caiman has a reddish-brown head, brown irises, and a bottom jaw with
alternating dark and lighter bars and/or blotches. The dorsal surface is dark brown to almost
black. Its ventral surface is blotched with cream and brown in nearly equal amounts. This species
can be distinguished from the other genera of caiman by the lack of an inter-orbital ridge. It
differs from Paleosuchus trigonatus by the color of the head (reddish-brown in P. palpebrosus
rather than dark-brown in P. trigonatus) and the keels and orientation of dorsal scales (neat,
evenly keeled rows in P. palpebrosus rather than disorderly with large keels on outer rows in P.
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trigonatus). Additionally, it differs from Paleosuchus trigonatus by its smaller size (up to 1.5m
in P. palpebrosus rather than up to 2.3m in P. trigonatus) and the dorsal scales between the hind
legs (typically in two rows in P. trigonatus and in four rows in P. palpebrosus).
Paleosuchus trigonatus (Schneider 1801): Figure 5D
Sites: K1; K8
Adults and sub-adults were frequently encountered in small, mud-bottomed creeks and
streams that feed into the Rupununi River. Juveniles were occasionally encountered further
inland, often inhabiting small streams within the forest, while adults were encountered in
sections closer to the larger river or creek, though still in relatively shallow water. Paleosuchus
trigonatus is classified by the IUCN as “Lower Risk/Least Concern” (LRlc, IUCN 2017).
This small species of caiman has a dark brown head, brown eyes, and a bottom jaw that is
the same color as the head but with the presence of yellowish bars. The dorsal surface is dark
brown, and the venter is predominantly cream frequently with small areas of brown. This species
can be distinguished from the other genera of caiman by the lack of an inter-orbital ridge. It
differs from Paleosuchus palpebrosus by its larger size (up to 2.3m in P. trigonatus rather than
up to 1.5m in P. palpebrosus) and the dorsal scales between the hind legs (typically in two rows
in P. trigonatus and in four rows in P. palpebrosus).
SQUAMATA
Family Amphisbaenidae
Amphisbaena alba (Linnaeus 1758): Figure 5E
Sites: YV
This species was uncommonly encountered due to its secretive, burrowing habitats rather
than rarity. The individuals recorded were found crossing roads or paths in Yupukari Village or
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caught in pitfall traps placed in gallery forests. Amphisbaena alba is classified by the IUCN as
“Least Concern” (LC; IUCN 2017).
This legless lizard is distinguished by its lack of legs, bullet-shaped head, and very short
tail. Its dorsum is light to dark brown above which fades to a dirty white venter. It is pale pink
from its snout extending back to the eyes, as well as on the chin shields. This species can be
distinguished from Amphisbaena fuliginosa by its dorsal coloration (dorsal coloration shades of
brown in A. alba rather than black and white in A. fuliginosa).
Amphisbaena fuliginosa (Linnaeus 1758): Figure 5F
Sites: YV
Like A. alba, this species was uncommonly encountered due to its secretive, burrowing
habitats rather than rarity. The individuals recorded were found crossing roads or paths in
Yupukari Village. A. fuliginosa has not yet been assessed for the IUCN Red List (IUCN 2017).
This legless lizard has a bullet-shaped head and a short tail. Its ground color is whitish
with black spotting that is denser towards the anterior, including on top of the head. The black
spotting is sparser on the ventral surface. It can be distinguished from Amphisbaena alba by its
smaller size (up to ca. 42cm in A. fuliginosa rather than up to 80cm in A. alba) and dorsal
coloration (black and white in A. fuliginosa versus shades of brown in A. alba).
Family Dactyloidae
Anolis auratus (Daudin 1802c): Figure 5G
Sites: YV
This species is commonly encountered in open areas throughout Yupukari Village,
especially in regions of dense grass, but also on tree trunks and in gardens of local houses.
Individuals were also caught in pitfall traps set in gallery forests in Yupukari Village. Adults
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were frequently encountered sleeping at night clinging to the ends of large blades of grass. Anolis
auratus has not yet been assessed for the IUCN Red List (IUCN 2017).
This anole has a light brown dorsal surface with small dark brown spots. There is often a
cream or brown lateral stripe edged by a thin black stripe. Both males and females have a
dewlap. In females, dewlap is small with gray-blue skin between cream scales. In males, the
dewlap is similar except larger and has yellow scales in center and at end beside the base. This
species can be distinguished from other anole species by its dewlap coloration, lateral stripes,
and presence exclusively in open habitats.
Anolis fuscoauratus (D’Orbigny 1837)
Sites: K2
This species uncommonly encountered in the Kanuku Mountains. A single individual was
found at night while sleeping on a small tree approximately 1.5m above the ground, adjacent to a
large creek. Anolis fuscoauratus has not yet been assessed for the IUCN Red List (IUCN 2017).
Anolis fuscoauratus have a dark tan dorsum typically with subtle brown vertebral spots
on the body and bands on the tail. Some individuals have a tan or cream colored vertebral line
which is bordered by dark brown. The dewlap coloration of males in Guyana are light grey
anteriorly and bright pink posteriorly. This species can be distinguished from other species of
anoles in Guyana by its dewlap coloration and slender body shape.
Anolis planiceps (Troschel 1848): Figure 5H
Sites: K1; K2; K4; K5; K6
This was the most common anole species in found the forested survey sites in the Kanuku
Mountains. They were often observed both on the ground and on trunks of trees. They were
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occasionally encountered sleeping on leaves at night. Anolis planiceps has not yet been assessed
for the IUCN Red List.
Anolis planiceps have a dorsum consisting of several shades of tan and brown, sometimes
with a tan vertebral stripe edged by brown. The head may have brown patches or fine orange
lines. Often, the tail is a darker brown than the body. The venter is white or cream, occasionally
with black specks. Male dewlaps are orange or red with white spots. This species differs from
Anolis fuscoauratus with which it shares similar habitats by the color of the dewlap and shorter
snout.
Family Gekkonidae
Hemidactylus mabouia (Moreau de Jonnés 1818): Figure 5I
Sites: YV; DR
This species is commonly associated with human habitation in the open habitats of
Yupukari Village and Dadanawa Ranch. They were often observed on the walls of houses, both
inside and out, and were frequently observed near lights where they would feed on the attracted
insects. Hemidactylus mabouia has not yet been assessed for the IUCN Red List.
This species can vary from light tan, yellowish tan, to grayish tan on the body, arms, and
tail with dark gray, tan, or brown-black bands, and the tail typically being the lightest. The venter
is translucent yellow, gray, or cream. This species differs from Hemidactylus palaichthus in
having fewer rows of longitudinal tubercles (6-14 in H. mabouia rather than 16-17 in H.
palaichthus).
Hemidactylus palaichthus (Kluge 1969): Figure 5J
Sites: YV; DR
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As with H. mabouia, H. palaichthus is commonly encountered associated with human
habitation in the open habitats of Yupukari Village and Dadanawa Ranch. They were also
observed on the walls of houses, both inside and out, and were frequently observed near lights
where they would feed on the attracted insects. Hemidactylus palaichthus is classified by the
IUCN as “Least Concern” (LC; IUCN 2017).
This species varies from shades of gray-pinkish tan, gray to dark brown on the body arms
and tail, with grayish brown, brown, or black markings. The ventral surface is cream or pale
yellow, with gray or brown flecks/mottling beneath the tail. This species differs from
Hemidactylus mabouia in having a more spiny appearance and having more lamellae on the base
of the fourth and fifth toe extending to the base of the digit.
Family Gymnopthalmidae
Cercosaura ocellata (Wagler 1830): Figure 5K
Sites: YV; K5; K8
Only juveniles were encountered in the Kanuku Mountains in the moist leaf litter near
streams or creeks in primary rainforest. In Yupukari Village, adults were caught in pitfall traps
set up in gallery forests. Cercosaura ocellata has not yet been assessed for the IUCN Red List
(IUCN 2017).
Cercosaura ocellata have a tan or brown dorsum with lateral stripe of orange or tan and
in some individuals a tan or cream dorsolateral stripe. Below lateral stripes, adult males have
ocelli, small cream or tan spots encircled by black, which may be faint or absent in females and
juveniles. Tails of adult males are orange. This species can be distinguished from other lizards by
a combination of its small, cylindrical body, dorsal scales in longitudinal rows, and its coloration.
Gymnophthalmus underwoodi (Grant 1958): Figure 5L
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Sites: YV; DR
Adults were recorded in the leaf litter near margins of oxbow lakes and gallery forests
adjacent to open areas at Dadanawa Ranch. At Yupukari Village, adults were caught in pitfall
traps set up in gallery forests. Gymnophthalmus underwoodi is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This species has a dark copper dorsum, which extends onto the tail. The flanks and limbs
are dark brown to black with a gray or bluish gray venter. This species can be differentiated from
Gymnophthalmus vanzoi, also in the region, by the color of its tail (posterior tail gray or bluish
gray especially below in G. underwoodi).
Gymnopthalmus vanzoi (Carvalho 1999): Figure 5M
Sites: DR
This species is recorded from one individual that was found under a board near the main
ranch house of Dadanawa Ranch. Gymnophthalmus vanzoi has not yet been assessed for the
IUCN Red List (IUCN 2017).
This species has a light copper dorsum, which extends to the base of the tail sometimes
with a pale copper dorsolateral stripe extending to the mid-body or hip region. The flanks and
limbs are darker coppery brown and the venter is pale copper or coppery gray. This species can
be differentiated from Gymnopthalmus underwoodi by the color of its tail (posterior tail typically
bright orange or salmon in G. vanzoi).
Loxopholis guianense (Ruibal 1952): Figure 5N
Sites: K5
Loxopholis guianense was encountered in the leaf litter during the day in primary
rainforest. This species has not yet been assessed for the IUCN Red List (IUCN 2017).
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This small gymnophtalmid has a medium to dark brown dorsum with a light tan
dorsolateral stripe, below which is dark brown. The throat and chest are orange, with the
abdomen orangish yellow. This species can be differentiated from Loxopholis percarinatum by
the size of its interparietal scale (very wide in L. guianense and smaller in L. percarinatum) and
ventral scales (distinctly mucronate in L. guianense near median).
Loxopholis percarinatum (Müller 1923): Figure 5O
Sites: K2; K5
This species was encountered actively moving in the leaf litter on the forest floor. They
were sometimes found while setting up camps at survey sites while clearing vegetation and leaf
litter. Loxopholis percarinatum is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
This small, all-female species has a brown dorsum with a yellowish tan dorsolateral
stripe. Some individuals have light tan to yellow spots on flanks. The throat is translucent pale
gray to pale yellow. The labial scales are white with solid brown blotches. This species can be
differentiated from L. guianense by the ventral scales (distinctly mucronate in L. guianense
rather than ventrals near median not mucronate in L. percarinatum) and size of interparietal scale
(smaller in L. percarinatum than L. guianense).
Neusticurus bicarinatus (Linnaeus 1758): Figure 5P
Sites: K8
This species was encountered when survey efforts focused on forested creeks and
streams. There they were often found at the water’s edge and would retreat into the water if
disturbed. At night, they could be found sleeping on slender leaves or branches over the water.
Neusticurus bicarinatus has not yet been assessed for the IUCN Red List (IUCN 2017).
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Neusticurus bicarinatus has a brown dorsum with darker brown markings and sides with
cream to pale yellow spots. The upper eyelid is thinly edged in copper while the lower eyelid is
edged with white, extending upward past the eye. The ventral surfaces are pale tan with gray
spots on the chin and streaks on the throat. This species can be distinguished from other semiaquatic lizards by its size (smaller than Uranoscodon superciliosus) and coloration (lack of ocelli
as with Cercosaura ocellata).
Family Iguanidae
Iguana iguana (Linnaeus 1758): Figure 5Q
Sites: YV; DR; K8
This species was observed in Yupukari Village, Dadanawa Ranch, as well as the Kanuku
Mountains. In the open habitats of Dadanawa Ranch and Yupukari Village, they were commonly
observed in trees next to human structures. Within the Kanuku Mountains, adults were observed
on sandbanks and in trees along the Rupununi River, with one sub-adult encountered asleep in
the vegetation along Mapari Creek. Iguana iguana has not yet been assessed for the IUCN Red
List (IUCN 2017).
Iguana iguana are entirely green, though slightly lighter on the ventral surfaces. The
green in adults, especially older individuals, may fade to a bluish gray. Vertical white stripes
with a black zone are present on the lower portion of the flanks. This species has a gular
appendage often with black and reddish-brown stripes. The tail has a series of black transverse
bands. This species is easily distinguishable from all other lizards by its large size and color.
Family Phyllodactylidae
Thecadactylus rapicauda (Houttuyn 1782): Figure 5R
Sites: YV; K3; K5; K8; K11
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This species was encountered in a few field sites in a variety of habitats. Adults were
frequently recorded in and around human habitation in Yupukari Village. Within the Kanuku
Mountain field sites, they were typically associated with human structures in areas cleared for
farming, as well as on trunks of large trees in primary forest. Thecadactylus rapicauda has not
yet been assessed for the IUCN Red List (IUCN 2017).
The dorsal surfaces of Thecadactylus rapicauda is yellowish tan with irregular brown
markings while the ventral surfaces are yellow or pale. This species can be distinguished from all
other gecko species by its large size and swollen tail.
Family Polychrotidae
Polychrus marmoratus (Linnaeus 1758): Figure 5S
Sites: YV
This arboreal species was occasionally encountered in gallery forests around Yupukari
Village where it was observed in tree branches. Several individuals were also encountered in
trees around human homes in open areas. Polychrus marmoratus not yet been assessed for the
IUCN Red List.
Polychrus marmoratus is a moderate sized species of lizard with a tail comprising 2/3 the
length of the body. The skin can vary from light to dark green to brown. Each eye has two dark
markings, one passing behind and one passing below. The ventral surface is pale green which
darkens towards the posterior. Dewlaps in males are light gray-blue with yellow scales. This
species can be differentiated from all other anoles by its coloration and size.
Family Scincidae
Copeoglossum nigropunctatum (Spix 1825): Figure 5T
Sites: DR; K5; K8
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This species was frequently observed basking on surfaces exposed to the sun in open
clearings such as tree falls, as well as in small farms within primary forest. Copeoglossum
nigropunctatum has not yet been assessed for the IUCN Red List (IUCN 2017).
Copeoglossum nigropunctatum have a smooth dorsum of copper or bronze, often with
black spots, including the head and tail. The limbs and sides of the face and body are dark brown
with a yellowish-tan ventrolateral stripe. The venter, including the throat, limbs, and base of tail
are yellow to yellowish green. This species can be distinguished from other terrestrial lizards by
coloration and smooth, shiny scales.
Family Sphaerodactylidae
Chatogekko amazonicus (Andersson 1918): Figure 5U
Sites: K8
This species was encountered while actively moving through the leaf litter in primary
forest during the day. Chatogekko amazonicus has not yet been assessed for the IUCN Red List
(IUCN 2017).
This small gecko has a reddish brown to brown dorsum with light spots on the head and
body. Some individuals possess a beige band on the posterior head. The posterior thigh and base
of tail have a short beige to orange strip. Ventral surfaces of the head and belly are white with
posterior belly pale pink to orange. The ventral surface of the tail pink to beige. This species can
be differentiated from Pseudogonatodes guianensis by the dorsal scales (keeled, slightly
overlapping scales in C. amazonicus rather than granular in P. guianensis).
Gonatodes humeralis (Guichenot 1855): Figure 5V
Sites: YV; K5; K6; K8
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This species was encountered in multiple survey sites in the Kanuku Mountains as well as
in the moist gallery forests of Yupukari Village. They were most commonly encountered on the
trunks of trees during the day. Individuals were sometimes encountered asleep between or on
leaves at night. Gonatodes humeralis has not yet been assessed for the IUCN Red List (IUCN
2017).
Gonatodes humeralis is a small, sexually dimorphic species. Males are predominantly tan
or light brown with greenish-yellow flecks and crimson spots on body and hind legs. They have
spots on the side of the neck, a yellow collar anterior to the arms, with a black dot anterior to the
color. Across the back of a head is a yellow half-moon crescent extending eye to eye. The head
has pale yellow and dark reddish-brown spots, with tiny yellow dots on side of the neck. Females
are light brown with dark brown spots on the head and body, often with a faint, light vertebral
stripe. Both sexes have a banded tail and light stripe anterior to the arm. This species is easily
distinguished from the other recorded sphaerodactylid geckos by its habitat presence for tree
trunks and the yellowish-white collar anterior to the arms.
Pseudogonatodes guianensis (Parker 1935): Figure 5W
Sites: YV; K5; K8
This species is active in the leaf litter during the day in primary forest and the gallery
forests of Yupukari Village. It was also caught in pitfall traps placed in the gallery forests in
Yupukari Village. Pseudogonatodes guianensis has not yet been assessed for the IUCN Red List
(IUCN 2017).
This small gecko is dark brown above with a tan band across the back of the head. There
is often a tan H shape across the hip or base of tail with the sides of the H appearing as
dorsolateral stripes. The throat is white with irregular gray markings with all other ventral
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surfaces gray. This species differs from C. amazonicus by the ventral color (gray in P. guianensis
with irregular gray markings on white throat rather than white throat and belly with posterior
belly pale pink and tail pink to beige in C. amazonicus).
Family Teiidae
Ameiva ameiva (Linnaeus 1758): Figure 5X
Sites: YV; DR; K5; K8; K11
This species is common within the Kanuku Mountains, Yupukari Village, and Dadanawa
Ranch. In the Kanuku Mountains, they were frequently encountered in leaf litter around forest
edges, treefalls, and farms, either basking or actively foraging for prey. Juveniles were frequently
observed in open clearings around semi-permanent camps. They were active in all open areas
and gallery forests in Yupukari Village and Dadanawa Ranch. Ameiva ameiva has not yet been
assessed for the IUCN Red List (IUCN 2017).
The larger males have expanded jowls and a vibrant green coloration extending from the
back of the head to the hind legs. Their flanks have black mottling and specks with pale yellow,
green, or blue bars or spots. Having less green, females have a tan dorsum with dusty green on
some that extend from the snout to the midbody. This species can be distinguished from other
teiids by its large size (though smaller than Tupinambis teguixin) and vibrant green color.
Cnemidophorus lemniscatus (Linnaeus 1758): Figure 6A
Sites: YV
This species is very common around Yupukari Village where adults were frequently seen
running across the ground in open areas as well as doing courtship displays when females were
present. Cnemidophorus lemniscatus has not yet been assessed for the IUCN Red List (IUCN
2017).
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Adult males are more colorful than young males or females with some individuals having
a powder blue or turquoise face, with tannish gray lower sides with light tan, yellow, green or
blue spots. Brown legs are spotted with pale yellow or tan. In males, dorsal stripes are dark
brown with a dorsal and lateral wash of bright yellow, tan, or green. The groin, posterior
abdomen, top of feet, and distal portion of the tail are turquoise blue. Young males and females
have a dark brown dorsum with light tan stripes, with dark tan lower sides. This species can be
distinguished from other teiids by habitat preference for open, grassy areas in savannas.

97

Figure 5. Reptile species present in Yupukari Village, Dadanawa Ranch, and the Kanuku
Mountains Part I. A. Caiman crocodilus B. Melanosuchus niger C. Paleosuchus palpebrosus
D. Paleosuchus trigonatus E. Amphisbaena alba F. Amphisbaena fuliginosa G. Anolis auratus
H. Anolis planiceps I. Hemidactylus mabouia J. Hemidactylus palaichthus K. Cercosaura
ocellata L. Gymnophthalmus underwoodi M. Gymnophthalmus vanzoi N. Loxopholis guianense
O. Loxopholis percarinatum P. Neusticurus bicarinatus Q. Iguana iguana R. Thecadactylus
rapicauda S. Polychrus marmoratus T. Copeoglossum nigropunctatum U. Chatogekko
amazonicus V. Gonatodes humeralis W. Pseudogonatodes guianenesis X. Ameiva ameiva
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Kentropyx calcarata (Spix 1825): Figure 6B
Sites: K5; K8
Within the Kanuku Mountains, they were frequently encountered in leaf litter around
forest edges and treefalls, either basking or actively foraging for prey. Kentropyx calcarata has
not yet been assessed for the IUCN Red List (IUCN 2017).
This moderate sized lizard has a brown dorsum turning to green anteriorly, with a bright
green, cream, or tan mid-dorsal stripe from the snout or top of head running to the mid-body and
a tan or cream dorsolateral stripe which is also green anteriorly. Above the dorsolateral stripe is a
row of dark brown spots with some adults having tan, gray, blue, or pale cream spots below. This
species differs from Kentropyx striata by the lower lateral stripe (broken and extending to groin
in K. calcarata rather than solid to the groin in K. striata).
Kentropyx striata (Daudin 1802b): Figure 6C
Sites: YV; DR
This species is common in Dadanawa Ranch and Yupukari Village. Adults were
encountered in the leaf litter near oxbow lakes, in gallery forests, as well as along the open sandy
roads within the savannah, either basking or actively foraging in the leaf litter for prey.
Kentropyx striata has not yet been assessed for the IUCN Red List (IUCN 2017).
This moderate sized lizard has a gray-brown dorsum whitish-tan dorsolateral stripes and
brown lateral stripes. Blue-white spotting extends along the flanks. Males have an orange venter,
females a white venter with both having a tail with an orange ventral surface. This species can be
differentiated from Kentropyx calcarata by the light spots on the flanks (up to 36 in K. striata
versus 17 in K. calcarata).
Tupinambis teguixin (Linnaeus 1758): Figure 6D
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Sites: YV; K8; K11
In the Kanuku Mountains, this species was encountered basking in open areas within
primary forest, especially around treefalls or farms. In Yupukari Village, they could be observed
crossing the roads between gallery forests. One juvenile was caught in a pitfall trap placed in a
gallery forest. Tupinambis teguixin has not yet been assessed by the IUCN Red List.
This large lizard has a black dorsum and tail with tan, yellow, or gold bands. On some
individuals, the body, arms, legs, and tail have pale gold dots. The top of the head is mottled
black and tan. The ventral surface is yellow with black spots on chin, throat, and chest.
Tupinambis teguixin differs from all other lizards by a combination of its large size and black
and gold coloration.
Family Tropiduridae
Plica umbra (Linnaeus 1758): Figure 6E
Sites: YV; K5; K8; K10; K12
Adults were recorded in primary forest and gallery forests where they were found
clinging to or moving along trees and branches. Individuals were also caught in pitfall traps set
in gallery forests in Yupukari Village. Plica umbra has not yet been assessed for the IUCN Red
List (IUCN 2017).
Plica umbra has a brownish green or green dorsum and head. Dark brown or black
markings band-like markings are on the body, limbs, and tail. On some, the lips are bluish-green.
Ventral surfaces are light tan to grayish-orange, with orange-yellow beneath neck which is paler
on the throat and chin. This species differs from other recorded species of Tropiduridae by its
brownish-green to green dorsum with band like markings.
Tropidurus hispidus (Spix 1825): Figure 6F
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Sites: YV; DR
This species is associated with the open habitats of Dadanawa Ranch and Yupukari
Village. They were frequently recorded on and around human habitation, basking on the sides of
houses, fence posts, and trees, as well as active on the ground. Tropidurus hispidus has not yet
been assessed for the IUCN Red List (IUCN 2017).
This species has a gray to brown dorsum, head, limbs, and tail with indistinct brown,
black, or tan spots and/or bands and a dark brown collar. The dorsum also has a pale tan-yellow
wash. The chin, throat, chest, and abdomen is yellow to orange. Tropidurus hispidus can be
distinguished from the other species of Tropiduridae by its dark collar and presence in open
habitats.
Uranoscodon superciliosus (Linnaeus 1758): Figure 6G
Sites: YV; K1; K5; K7; K8
This species is common in sites that were associated with bodies of water. In forested
sites, they were frequently recorded perched along the shoreline of creeks and forest ponds and
swamps during the day, where they would retreat into the water if disturbed. At night, they were
encountered asleep on branches above water. Sub-adults were also caught in pitfall traps set in
gallery forests at Yupukari Village. Uranoscodon superciliosus has not yet been assessed for the
IUCN Red List (IUCN 2017).
This species has a brown dorsum, head, and tail with alternating tan or black dashes or
brown bands extending down the vertebral line onto the tail. The brown limbs have black bands
and irregular spots. The flanks can be flecked with pale tan, cream, or orange flecks. Ventral
surfaces of the throat, chest, abdomen, limbs and tail can be white, yellow, or cream. Some
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individuals have a broad orange streak down the sides. This species differs from the other species
of Tropiduridae by its large size and habitat association with aquatic systems.
OPHIDIA
Family Aniliidae
Anilius scytale (Linnaeus 1758): Figure 6H
Sites: K9
This species was infrequently encountered in the Kanuku Mountains, likely due to its
secretive, fossorial nature by day. The individual recorded was encountered foraging along the
forest surface at night following a light rain. Anilius scytale has not yet been assessed for the
IUCN Red List (IUCN 2017).
The dorsal coloration of this species consists of alternating bands of orangish-red and
black while the ventral surfaces are pale yellow with black bands. Unlike many snakes, the
ventral scales are barely wider than the dorsal scales. This species can be distinguished from
other banded species such as Micrurus spp. by having a head and tail of the nearly the same
shape and size and with ventral scales barely larger than the dorsal scales.
Family Boidae
Boa constrictor (Linnaeus 1758): Figure 6I
Sites: YV; K3
In the Kanuku Mountains, a large adult that had recently consumed a large prey item and
was found under fallen palm leaves at the base of the tree within a relict farm surrounded by
primary forest. Other individuals were encountered in Yupukari Village, in the gallery forests as
well as crossing the road. Boa constrictor has not yet been assessed for the IUCN Red List
(IUCN 2017).
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This large species has a light gray-brown dorsal surface that is covered with a dark brown
geometric pattern. The red brick portions of the tail are typically bordered by black, with cream
areas between the blotches. The top of the head has a longitudinal middorsal brown stripe. This
species differs from other Boids by its pattern and coloration, especially the brick red tail.
Corallus caninus (Linnaeus 1758): Figure 6J
Sites: YV; K2; K8
We recorded sub-adults and adults in trees along rivers and creeks while doing night river
surveys. One adult was at the top of a large tree adjacent to the river for multiple days along
Mapari Creek while we were surveying the site. Corallus caninus is classified by the IUCN as
“Least Concern” (LC; IUCN 2017) due to its large range and the pristine condition of much of
its habitat, at least in the Guiana Shield. However, this species is often targeted for the
commercial pet trade and would benefit from population monitoring.
This species undergoes an ontogenetic color change. Adults have a green dorsum with
light crossbars and a yellow ventral surface. The crossbars on the anterior portion of the body are
gray with yellow spots at the lateral most ends while on the posterior portion they are white or
cream with subtle yellow edging. The green and yellow of the dorsal and ventral surfaces
interdigitate ventrolaterally. Juvenile C. caninus are bright red, reddish orange, or reddish brown
where adults are green. This species can be distinguised from other Corallus hortulanus by its
bright green coloration and thicker body.
Corallus hortulanus (Linnaeus 1758): Figure 6K
Sites: YV; K5; K8; K11
They were almost always encountered while conducting river surveys by boat at night,
where they were actively moving along the trees and bushes overhanging the river in search of
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food items. All age classes and several color morphs were encountered. Corallus hortulanus is
classified by the IUCN as “Least Concern” (LC; IUCN 2017).
Most commonly, this species has a pale tan or gray dorsum with brown markings that are
darker dorsally. The head is generally the same color as the body. The ventral surface is cream
with tan or brown markings to the anterior portion and becoming dark tan posteriorly. Less
commonly encountered, other individuals can have a base color of yellowish to black, with
yellowish and reddish tinges around the blotches or bands. This species differs from Corallus
caninus by its thinner, elongate body, and color (not bright green as in C. caninus).
Epicrates cenchria (Linnaeus 1758): Figure 6L
Sites: K8
This species is uncommonly encountered in the Kanuku Mountains. It is recorded from a
large individual (1800mm in total length) that was encountered during a night hike while moving
through the leaf litter in primary forest. Epicrates cenchria has not yet been assessed for the
IUCN Red List (IUCN 2017).
The dorsum of E. cenchria is orange red to brown with dorsal circles or ovals of tan that
are edged in black and black lateral spots lined above in tan then black. The head is the same
ground color as the body has black stripes. The chin and throat are cream while the rest of the
ventral surface is pale gray. The ventral surface of the tail is mottled light gray and black. This
species differs from E. maurus by the number of ventral scales (greater than 245 in E. cenchria
and less than 245 in E. maurus), and by its dorsal ground coloration.
Epicrates maurus (Gray 1849): Figure 6M
Sites: YV; DR
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Various age classes were relatively common in the vicinity of Yupukari, appearing more
frequently after periods of rain. The species is primary nocturnal, foraging slowly along the
ground in grassland habitats. However, it may occasionally climb, or enter human dwellings.
Epicrates maurus has not yet been assessed for the IUCN Red List (IUCN 2017).
This large species undergoes a pronounced ontogenetic color change. Juveniles have a
dorsal ground color of yellow to light brown with irregular lateral ocelli. As adults, the dorsal
color is uniform brown with the lateral ocelli becoming indistinct. This species has been
considered by some to be a subspecies of Epicrates cenchria but is elevated to specific status by
Chippaux (1986), Starace (1998), and Passos and Fernandes 2008). It differs from Epicrates
cenchria by its dorsal ground color (light brown to brown in E. maurus rather than pale to yellow
reddish in E. cenchria) and ventral scales (less than 245 in E. maurus whereas E. cenchria has
greater than 245). In addition to morphological differences, this species has only been
encountered in the dry forest and savannah habitats in Guyana.
Eunectes murinus (Linnaeus 1758): Figure 6N
Sites: YV; DR; K4
This species has been recorded from aquatic habitats in both the Kanuku Mountains and
the open areas of Dadanawa Ranch and Yupukari Village. In the Kanuku Mountains, they can be
observed basking on fallen trees or on the mud and sand banks along the Rupununi River. At
Dadanawa Ranch, an individual (ca. 3m) was observed in a pool along a dry creek bed where it
was submerged on the pool bottom. The snake later left the pool, whose tracks were followed to
a larger, deeper black water pool in the shade of dense trees. The remains of a sub-adult were
found on the road leading out of Yupukari Village, where it had been run over by a vehicle.
Within the boundaries of the study, a large individual was observed swallowing an adult Boa
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constrictor (De Freitas 2009). Eunectes murinus has not yet been assessed for the IUCN Red List
(IUCN 2017).
This large snake has a dorsal coloration is light olive-green with irregular large, round
and oval brownish-black spots while the ventral surface is light green or yellow with variegated
with small, black patches. A cinnamon band extends from the eye to the posterior point of the
jaw, under which is often a thick black band. The sides have smaller spots of orange-yellow
edged by black. This species can be distinguished from all other snakes in the region by its large
size and girth.
Family Colubridae
Chironius carinatus (Linnaeus 1758): Figure 6O
Sites: YV; K8; K11
This species was most often encountered in forest edge habitats. Individuals were found
both on shrubs and actively moving through the leaf litter during the day. Chironius carinatus
has not yet been assessed for the IUCN Red List (IUCN 2017).
This moderate sized species can vary in color from dark olive green to black. The dorsal
scales often have light flecks, sometimes with a broad reddish-brown stripe on each side on the
anterior portion of body. Its subcaudal scales are yellow and outlined in black or dark brown. It
has 12 dorsal mid-body scales with fewer than 178 ventral scales. The most similar sympatric
species is Drymarchon corais, which differs in having a lighter gray ground color that becomes
predominantly yellow, both dorsally and ventrally, on the posterior portion of the body.
Chironius exoletus (Linnaeus 1758): Figure 6P
Sites: DR; K8; K11
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When observed, this species has always been near streams and rivers. At Dadanawa
Ranch, this species was encountered in the gallery forests next to the Rupununi River. In the
Kanuku Mountains, individuals observed were found both in the shrubs near streams or actively
moving across the forest floor during the day. Chironius exoletus has not yet been assessed for
the IUCN Red List (IUCN 2017).
This moderate sized species has a green, greenish brown, or brown dorsum, sometimes
with a dark brown dorsolateral stripe on the anterior portion of the body. The ventral surface
under the head is white or yellow transitioning to yellow or orange-tan on the belly. A faint
brown line runs longitudinally down the ventral surface. This species has 12 dorsal mid-body
scales with fewer than 178 ventral scales. The most similar sympatric species is Drymoluber
dichrous which it differs from in the number of dorsal scales at the mid-body (12 in C. exoletus
and 15 in D. dichrous).
Chironius fuscus (Linnaeus 1758): Figure 6Q
Sites: YV; K5
This species was typically encountered actively moving through shrubs and leaf litter on
the forest floor. In Yupukari Village, individuals were observed crossing roads through gallery or
dry forests. Sub-adults of this species have been observed sleeping on palm fronds approximately
1 meter above the forest floor. Chironius fuscus has not yet been assessed for the IUCN Red List
(IUCN 2017).
This moderate sized species has a chestnut brown dorsum with tan bands. Its ventral
surface is white, becoming tan posteriorly, then changing to tannish-gray. It has 10 dorsal scales
at the mid-body with fewer than 149 ventral scales. The most similar sympatric species is
Chironius scurrulus which it differs from in ventral scale number (fewer than 149 in C. fuscus
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versus greater than 149 in C. scurrulus) and patterning (bands in C. fuscus rather than solid color
in C. scurrulus).
Chironius scurrulus (Wagler 1824): Figure 6R
Sites: YV; K8; K11
This species was always encountered near water, often in branches overhanging creeks
where it would fall into the water when approached. One large male was encountered at night
sleeping on a raft of branches and leaves floating at the edge of Mapari Creek. Chironius
scurrulus has not yet been assessed for the IUCN Red List (IUCN 2017).
This species undergoes an ontogenetic color change with green juveniles changing to
dark red as adults. It has 10 smooth, dorsal scales at the mid-body with more than 149 ventral
scales. The loreal scale is distinctly longer than it is high. The most similar related species is
Chironius fuscus in which it differs by its solid, red color as an adult, whereas C. fuscus has a
chestnut brown dorsum with tan bands.
Dendrophidion dendrophis (Schlegel 1837): Figure 6S
Sites: K12
This species was infrequently encountered. It was recorded by a single individual which
was actively moving through the leaf litter during the day in primary forest. Dendrophidion
dendrophis has not yet been assessed for the IUCN Red List (IUCN 2017).
This species has a tan to grey dorsum with light brown, gray, or dark brown blotches,
separated by a tan line. The anterior of each blotch is dark brown or black. In some, the blotches
extend across the body, while in others each blotch is separated by the dark anterior border. The
ventral surfaces are pale yellow to cream, with a white chin and throat. This species differs from
Chironius fuscus, which it is superficially similar to, by pattern (tan bands on brown dorsum in
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C. fuscus rather than brown to tan blotches anteriorly edged by black in D. dendrophis) and
dorsal scale count (17 in D. dendrophis and 10 in C. fuscus).
Drymarchon corais (Boie 1827): Figure 6T
Sites: YV
This species is occasionally encountered around Yupukari Village where it has been
observed moving across the ground in the open savanna. Drymarchon corais has not yet been
assessed for the IUCN Red List (IUCN 2017).
Individuals from the area are gray to tan from the head until the posterior quarter of the
body where the body and tail are yellow. Individuals from the forested areas are noted to be
darker than the ones that are encountered around the savannas. The ventral surface is the same
color as the dorsal surface. Drymarchon corais can be distinguished from all other species by the
distinctive yellow posterior portion of the body.
Drymoluber dichrous (Peters 1863): Figure 6U
Sites: K6; K8
One adult was found sleeping at night, coiled on a palm leaf in tropical forest near a swamp.
Another individual was encountered in similar habitat during the day moving through the leaf
litter. Drymoluber dichrous has not yet been assessed for the IUCN Red List (IUCN 2017).
This species undergoes an ontogenetic color change. Adults of this species have an olive
green to dark greenish-black dorsum. The body lips, and chin are whitish yellow which become
lemon yellow on the belly. Juveniles are brown with gray or tan bands. This species differs from
other colubrids in the area by its solid colored dorsum and yellow ventral surface.
Leptophis ahaetulla (Linnaeus 1758): Figure 6V
Sites: YV; DR
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This species was most often encountered in open, dry habitats associated with the
savannahs of Yupukari Village and Dadanawa Ranch. Adults were also encountered around
human structures, including the wheel of a large tractor. Leptophis ahaetulla has not yet been
assessed for the IUCN Red List (IUCN 2017).
This species has a green head and cream lips separated by a black stripe through the eye.
The dorsal coloration is variable with some individuals having a green vertebral area flanked by
yellow dorsolateral stripes with a white-cream venter. Others have green on the anterior portion
of the dorsum which fades to yellowish-tan vertebral area and sides before the white-cream
ventral surface. This species could be confused for Philodryas viridissima, from which it differs
by the coloration (P. viridissima is completely green).
Mastigodryas bifossatus (Raddi 1820): Figure 6W
Sites: DR
They were associated with the open, savannah areas of Dadanawa Ranch. The
encountered individuals were either active on the ground or were found in the human structures
at Dadanawa Ranch. An additional individual has been noted from Karanambu Ranch, north of
Yupukari Village, but that falls outside the scope of this paper. Mastigodryas bifossatus has not
yet been assessed for the IUCN Red List (IUCN 2017).
This large species has a brown dorsum with a series of darker cross bands that are
bordered by black. The bands are widest at the middle of the dorsum and the belly, narrowing in
the middle of the dorsum. The head is dark gray or brown with an internal dark band, a dark
band through the back of the prefrontals, and another band at the interorbital region. The belly
can be light yellow to pale pink with irregular gray spots. This species differs from the other
large species of colubrids by its color (dark banding on a brown dorsum in M. bifossatus rather
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than black and yellow bands in S. pullatus or light brown with a yellow posterior portion in D.
corais). Within the Guiana Shield, this species has been recorded from Venezuela, French
Guiana, and Brazil. This represents the first official record from Guyana.
Mastigodryas boddaerti (Sentzen 1796): Figure 6X
Sites: YV; DR; K3; K5
Mastigodryas boddaerti was most commonly encountered actively moving through the
leaf litter in gallery forests and primary forest during the day. One individual was encountered
sleeping on a small palm frond approximately 1.5m above the ground during a night hike near an
old farm in the Kanuku Mountains. Mastigodryas boddaerti has not yet been assessed for the
IUCN Red List (IUCN 2017).
This medium sized snake undergoes an ontogenetic color change. As juveniles the
dorsum is brown to grayish with tan bands with white ventrolateral spots on the ends of tan
bands on the anterior portion of the body. The chin and throat are white with irregular dark
brown spots. As adults, the dorsum is brown with traces of bands from juvenile patterning on
anterior portion of body. A lateral light tan stripe extends on the anterior half of the body. The
ventral surface is light gray with dark gray marks on the throat. This species can be differentiated
from Drymoluber dichrous, another species with a near uniform colored dorsum, by its color
(brown in M. boddaerti rather than dark green in D. dichrous).
Oxybelis aeneus (Wagler 1824): Figure 7A
Sites: YV
This species was encountered in bushes and the branches of trees in the gallery forests of
Yupukari Village, most often at night. Oxybelis aeneus has not yet been assessed for the IUCN
Red List (IUCN 2017).
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This species has a light tan, gray, or brown dorsum with darker brown markings
throughout the body. The top of the head is the same color of the dorsum, though sometimes
more copper separated from the white or cream labial scales by a thin black line. The ventral
surface is predominantly gray. This species differs from other species with pointed snouts by its
coloration (brown rather than bright green in Oxybelis fulgidus and lacking green stripes as in
Philodryas argentea).
Oxybelis fulgidus (Daudin 1803a): Figure 7B
Sites: YV; DR; K8
This species has been encountered both in the primary forest and the gallery forests
associated with Yupukari Village and Dadanawa Ranch, where it was found in trees and shrubs.
The individual in Dadanawa Ranch was observed in branches overhanging the water while
feeding on birds by Duane de Freitas. Oxyvbelis fulgidis has not yet been assessed for the IUCN
Red List (IUCN 2017).
This species has a bright green dorsum which is separated by its chartreuse ventral
surface by a greenish yellow to white ventrolateral stripe. The elongated snout ends in a distinct
point. This species can be differentiated from all other species with similar green coloration by
its distinctively pointed snout, and other species with a pointed snout by its color (brown in
Oxybelis aeneus and lacking green stripes as in Philodryas argentea).
Rhinobothryum lentiginosum (Scopoli 1788): Figure 7C
Sites: YV
This species was occasionally encountered in Yupukari Village. One individual was
found in a house, coiled in a corner, while another was actively moving from across a road
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coming from a gallery forest. Rhinobothryum lentiginosum has not yet been assessed for the
IUCN Red List (IUCN 2017).
This species, a mimic of Micrurus spp., has a series of black, white, red rings. The neck
has a narrow white ring which is followed by a repeated ring sequence of broad black, white, red
(with black spots), white, and broad black. The black head scales are edged by white or light red.
This species can be differentiated from the coral snakes that it mimics by the coloration of the
head scales and its eyes (much larger compared to Micrurus spp.).
Spilotes pullatus (Linnaeus 1758): Figure 7D
Sites: YV
This species is occasionally observed around Yupukari Village, where individuals are
encountered actively moving. On one occasion, two adult males were found five days apart and
both were caught in nearly the same location (less than 30m from each other). Both males were
caught while rapidly moving across the ground at the Caiman House Field Station. Spilotes
pullatus has not yet been assessed for the IUCN Red List (IUCN 2017).
The largest colubrid in the survey area, this species can reach lengths of up to 2.5 meters.
This species can be differentiated from other species in the area by its dorsal pattern, transverse
yellow and black bands, often with a completely black posterior portion. At the mid-body, this
species has 14-18 dorsal scales with uppermost scales being keeled.
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Figure 6. Reptile species present in Yupukari Village, Dadanawa Ranch, and the Kanuku
Mountains Part II. A. Cnemidophorus lemniscatus B. Kentropyx calcarata C. Kentropyx
striata D. Tupinambis teguixin E. Plica umbra F. Tropidurus hispidus G. Uranoscodon
superciliosus H. Anilius scytale I. Boa constrictor J. Corallus caninus K. Corallus hortulanus L.
Epicrates cenchria M. Epicrates maurus N. Eunectes murinus O. Chironius carinatus P.
Chironius exoletus Q. Chironius fuscus R. Chironius scurrulus S. Dendrophidion dendrophis T.
Drymarchon corais U. Drymoluber dichrous V. Leptohphis ahaetulla W. Mastigodryas
bifossatus X. Mastigodryas boddaerti
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Tantilla melanocephala (Linnaeus 1758): Figure 7E
Sites: YV
In Yupukari Village, this species was caught in pitfall traps set in gallery forest. Tantilla
melanocephala has not yet been assessed for the IUCN Red List (IUCN 2017).
This species has a reddish-brown dorsum with a pale-yellow ventral surface and white
beneath the chin, throat and neck. The head and neck are black with tan on the snout and
parietals. The side of the head also has white markings. In some individuals, three to five black
lines run longitudinally down the body. This species differs from Atractus trilineatus from which
it may be confused, by the color of the head (black in T. melanocephala and brown in A.
trilineatus).
Family Dipsadidae
Atractus torquatus (Duméril, Bibron, & Duméril 1854): Figure 7F
Sites: K8
All individuals of this species were encountered at the same survey site. Rather than
being found during actual survey efforts, each encounter occurred when individuals were found
actively moving through the main campsite. Atractus torquatus has not yet been assessed for the
IUCN Red List (IUCN 2017).
This small snake is iridescent dark greyish brown to reddish brown above with darker
brown to black markings that form bands. The ventral surface is yellow with brown or black
spots, with the underside of the tail being orange. This species can be distinguished from A.
trilineatus by its dorsal pattern (no longitudinal stripes in A. torquatus).
Atractus trilineatus (Wagler 1828): Figure 7G
Sites: YV; K1; K2; K8
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All individuals that were encountered in the Kanuku Mountains were found under rotting
logs and under fallen palm fronds. In Yupukari Village, they were caught in pitfall traps set in
gallery forest. Atractus trilineatus has not yet been assessed for the IUCN Red List (IUCN
2017).
This small species has a brown to olive brown upper body color pattern with three or four
dark brown longitudinal stripes. The chin and anterior throat are pinkish tan with the rest of the
ventral surface lemon yellow. This species differs from Lygophis lineatus, another species with
dorsolateral stripes in size (A. trilineatus is smaller) and dorsal color (brown with darker brown
stripes in A. trilineatus rather than a light brown to gray body with three dark longitudinal lines
in L. lineatus).
Dipsas catesbyi (Sentzen 1796): Figure 7H
Sites: K8; K9
The individuals we recorded during our night surveys were sitting on low tree branches,
often during or following light rain. Dipsas catesbyi is classified by the IUCN as “Least
Concern” (LC; IUCN 2017).
This species has a dorsum with alternating black and brown bands ending at the ventral
scales. Sometimes the bands are incomplete, and the black bands are blotches, usually bordered
by white. The belly is white with black marks which increase posteriorly. The black head
typically has a white line across the snout which continues across the chin. This species can be
differentiated from Dipsas variegata, the other recorded Dipsas from the region, by its pattern,
having alternating brown and black bands (or blotches) bordered by white, rather than thin,
irregular dark spots or bands.
Dipsas variegata (Duméril, Bibron, & Duméril 1854): Figure 7I
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Sites: K8
This species was recorded from a single individual during a nighttime survey that was
sitting on low tree branch during a light rain. Dipsas variegata has not yet been assessed for the
IUCN Red List (IUCN 2017).
The dorsum of this species is light grey to brown which has a series of irregularly
alternating dark brown spots or bands. The dorsum between the brown spots and bands may have
small spots of the same color as the bands. Small yellow spots are also often present covering
much of the body. The ventral surface is white to yellowish. Superficially, this species is similar
to Sibon nebulatus from which it is easily distinguishable by the iris, which is solidly colored in
D. variegata and flecked with black in S. nebulatus.
Erythrolamprus aesculapii (Linnaeus 1766): Figure 7J
Sites: YV; K2; K8
This species was encountered both during the day and at night. It was typically active
moving through the leaf litter in primary forest or gallery forest, always near a stream or a creek.
Erythrolamprus aesculapii has not yet been assessed for the IUCN Red List (IUCN 2017).
This small species has a dorsal coloration similar to that of venomous coral snakes. Its
body is encircled with black, red, and white rings (sometimes orange). The width of the bands
varies among individuals. This species differs from species of Micrurus that it mimics by the
presence of a loreal scale, which is absent in Micrurus.
Erythrolamprus miliaris (Linnaeus 1758): Figure 7K
Sites: YV; DR
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This species was recorded from open areas in savannah vegetation. One individual was
encountered at Dadanawa Ranch in an open clearing near the main ranch house after being
trampled. Erythrolamprus miliaris has not yet been assessed for the IUCN Red List.
The dorsum of this species is typically dark green to black with faint yellow spots. The
dark head often has small off-white spots. Starace (1998) noted that this species has a bright
yellow ventral surface. The individual recorded from Dadanawa Ranch had cream ventral scales
with small black spots and faint blue spots on the ventral surface rather than yellow. Despite
differences, scale counts align to E. miliaris. This species can be distinguished from E.
poecilogyrus by the dorsal scale counts, which are 17-17-15 in E. miliaris and 19-19-15 in E.
poecilogyrus.
Erythrolamprus poecilogyrus (Wied-Neuwied 1825): Figure 7L
Sites: DR
The only individual recorded was found dead on the path near the ranch house at
Dadanawa Ranch. Erythrolamprus poecilogyrus has not yet been assessed for the IUCN Red List
(IUCN 2017).
This small snake exhibits extensive variation in its coloration mostly corresponding to
geography. Individuals can have a light brown to gray dorsum with some individuals having dark
brown or black markings. The sides of the body have a ground color similar to the mid-dorsal
region. In some individual, mid-dorsal scales have white edges. This species can be distinguished
from other species of Erythrolamprus in the region by the dorsum typically being brown to
nearly black. This species can be distinguished from E. miliaris by the dorsal scale counts, which
are 17-17-15 in E. miliaris and 19-19-15 in E. poecilogyrus.
Erythrolamprus reginae (Linnaeus 1758)
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Sites: DR
One partially digested specimen (USNM 589216) was removed as a prey item from the
crop of a turkey vulture (Cathartes aura). The vulture and snake were collected from Dadanawa
Ranch, though it is possible that the bird caught the snake at a different location. Erythrolamprus
reginae has not yet been assessed for the IUCN Red List (IUCN 2017).
The brown to olive green dorsum and often has small spots of black and yellow. In some,
the anterior portion of the body is greenish, transitioning to brown posteriorly. Above the
supralabials is a thin, dark brown line. The ventral surface is yellow with black markings. This
species differs from Erythrolamprus typhlus by the ground dorsal coloration (green in E.
typhlus).
Erythrolamprus typhlus (Linnaeus 1758): Figure 7M
Sites: DR; K8
A small, understory bird was observed consuming a juvenile. The partially consumed
snake was left behind when the snake flew away. Other individuals were found actively moving
on the forest floor near swamps in the forest. Erythrolamprus typhlus has not yet been assessed
for the IUCN Red List (IUCN 2017).
This small species has a green dorsum with black markings sometimes visible on the
sides. The dorsal scales can be edged with yellow and blue, especially anteriorly. The labials are
greenish yellow, the chin and throat yellow, and the ventral surface gradually changes from pale
orange to yellow posteriorly. This species can be distinguished E. reginae by its color (green in
E. typhlus) and from Chironius exoletus, which is also green dorsally and yellow ventrally, by its
size (E. typhlus is much smaller than C. exoletus).
Imantodes cenchoa (Linnaeus 1758): Figure 7N
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Sites: K8
This species is locally common within the Kanuku Mountains. Multiple adults were
encountered during night surveys. They were especially common in farm clearings within the
forest, or in groves of palm trees within the forest. Imantodes cenchoa has not yet been assessed
for the IUCN Red List (IUCN 2017).
The tan to light brown dorsum is marked darker brown spots or bands. The ventral
surface is light tan with brown flecks. The blunt head has large eyes that account for
approximately 25% the length of the head. This species differs from Leptodeira annulata which
displays a similar color and pattern, by the body shape (the anterior portion of I. cenchoa is more
slender than L. annulata) and by the middorsal scale row (wider than other dorsal scales in I.
cenchoa rather than the same size in L. annulata).
Leptodeira annulata (Linnaeus 1758): Figure 7O
Sites: YV; K5
This is a common species often present around human habitation. In Yupukari Village,
they were frequently found inside houses. Within the Kanuku Mountains, the species was
recorded from inside an old structure by a relict farm, as well as on the forest floor in cut trails.
Leptodeira annulata has not yet been assessed for the IUCN Red List (IUCN 2017).
This species has a tan to light brown dorsum with dark brown blotches. Anteriorly, the
ventral surfaces are white which transition to tan posteriorly with gray-brown speckling beneath
the tail. This species differs from Imantodes cenchoa which displays a similar color and pattern,
by the body shape (the anterior portion of L. annulata is as the rest of the bod rather than very
slender in I. cenchoa) and by the middorsal scale row (the same size in L. annulata as opposed to
wider than other dorsal scales in I. cenchoa).
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Lygophis lineatus (Linnaeus 1758): Figure 7P
Sites: YV; DR
The species has been observed in the grass and leaf litter along the sandy roads in the
open savannah at Dadanawa Ranch and Yupukari Village. Lygophis lineatus has not yet been
assessed for the IUCN Red List (IUCN 2017).
Lygophis lineatus has a light tan-brown to gray body with three dark brown lines which
run along the length of the dorsum. The vertebral line is wider than the two lateral lines. The
ventral surface is cream. This species can be distinguished from all other species of snakes by its
characteristic three dark brown lines extending the full length of the body.
Oxyrhopus melanogenys (Tschudi 1845): Figure 7Q
Sites: K8; K11
This species was recorded from within primary rainforest and in the rafters of a small
structure in a farm clearing within the Kanuku Mountains. Oxyrhopus melanogenys is classified
by the IUCN as “Least Concern” (LC; IUCN 2017).
This moderate sized species has a dorsal ground coloration of black with a variable red
and white banding pattern. Usually there are two white bands within a black one forming a triad
followed by a red band with black dots. The chin and throat are gray, transitioning to white until
reaching the tail, which is marked with gray. This species differs from O. petolarius in its dorsal
coloration (upper body has black bands in triads rather than alternating red and black).
Oxyrhopus petolarius (Linnaeus 1758): Figure 7R
Sites: K8
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This species was encountered during a night hike in primary forest when it was it was
observed moving through the leaf litter. Oxyrhopus petolarius has not yet been assessed for the
IUCN Red List (IUCN 2017).
This small species has a dorsum of alternating black and red bands, which do not
completely encircle the body. The red bands typically have black dots. The ventral surfaces are
white turning to gray near the tip of the tail. This species differs from O. melanogenys by its
dorsal patterning (bands that alternate between red and black in O. petolarius, rather than in
triads like O. melanogenys).
Philodryas argentea (Daudin 1803b): Figure 7S
Sites: K10; K12
This species was uncommonly encountered during the surveys. Both occasions, it was
encountered during the day in the branches of a small tree. When encountered, they remained
still and with the tongue sticking out. Philodryas argentea has not yet been assessed for the
IUCN Red List (IUCN 2017).
This species has a tan dorsum with a green lateral stripe running from the snout to the tail
as well as a green vertebral stripe ending at the base of the tail. The ventral surface is shades of
yellowish-green, being brighter under the chin and throat where there are also black spots. The
ventral surface of the chin, throat and neck is bright yellow-green with black spots. The yellowgreen coloration extends posterior to the neck before changing to cream with a midventral green
stripe and lateral green stripe on either side. This species can be distinguished from both species
of Oxybelis, which also have pointed snouts, by its color and pattern (solid green in O. fulgidus
and no green stripes in O. aeneus).
Philodryas viridissima (Linnaeus 1758): Figure 7T
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Sites: YV; K2
This species was observed in tropical evergreen forests of the Kanuku Mountains as well
as in gallery forests and open areas in Yupukari Village. When encountered they were actively
moving through the leaf litter or crossing roads and paths. Philodryas viridissima has not yet
been assessed for the IUCN Red List (IUCN 2017).
This species has a green dorsal coloration, which transitions to greenish-yellow on the
ventral surface. The top of the head sometimes has two black spots on the scales in front of the
eye and three on the scales behind. The upper labial scales are emerald green which transition to
light green-yellow posteriorly. This species can be differentiated from Oxybelis fulgidis by the
shape of the mouth (elongate and triangular in O. fulgidis and rounded in P. viridissima).
Phimophis guianensis (Troschel 1848): Figure 7U
Sites: YV
This species was uncommonly encountered in the survey sites. The individual recorded
was observed crossing a road in the open savanna in Yupukari Village during the evening.
Phimophis guianensis has not yet been assessed for the IUCN Red List (IUCN 2017).
As adults, P. guianensis has a yellowish tan dorsum with dark brown to black speckling.
Juveniles are the same however they are often light orange rather than yellowish-tan. Some
individuals have a black band on the back of the head and neck preceded by a white band. The
head is brown, sometimes with a tan snout, and a dark brown or black band is on the back of the
head to the neck. The ventral surface is translucent pinkish white to cream, transitioning to cream
posteriorly, with pale yellow on the tail. The rostral scale is upturned, which differentiates this
species from all other recorded species.
Pseudoboa coronata (Schneider 1801): Figure 7V
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Sites: YV; K8
Though this is predominantly a terrestrial species, an adult was encountered consuming a
bat near the Caiman House Field Station in Yupukari Village. Within the Kanuku Mountains,
this species was encountered actively moving through the leaf litter during a nocturnal survey in
primary forest. Pseudoboa coronata has not yet been assessed for the IUCN Red List (IUCN
2017).
This small species has a brownish red dorsum and a black head. There can be a white
collar on the posterior head and neck which is followed by broad black region which fades to
brownish red. The ventral scales are white to off-white. This species can be distinguished from
P. neuwideii by its dorsal scale rows (17 in P. coronata and 19 in P. neuwiedii).
Pseudoboa neuwiedii (Duméril, Bibron, & Duméril 1854): Figure 7W
Sites: YV
Several individuals have been recorded from Yupukari Village. It has been found in both
the open areas as well as gallery forests, generally encountered moving through the leaf litter or
crossing a road at night. Pseudoboa neuwiedii has not yet been assessed for the IUCN Red List
(IUCN 2017).
This small species undergoes an ontogenetic color change. Juveniles and sub-adults are
orangish red with a black head. Some individuals possess a pale-yellow band on the neck and the
back of the head followed posteriorly by a black band. The ventral surfaces are white except for
the tail which is pale orange. Adults have a brown dorsum and a greenish-yellow ventral surface.
This species can be distinguished from P. coronata by its dorsal scale rows (19 around the midbody in P. neuwiedii and 17 in P. coronata) and ventral tail color (pale orange in P. neuwiedii
and off-white in P. coronata) (Zaher et al. 2008).
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Sibon nebulatus (Linnaeus 1758): Figure 7X
Sites: YV
This species is recorded only from a single juvenile from Yupukari Village. It was found
in dry forest on a hilltop adjacent to savanna. Sibon nebulatus has taxon has not yet been
assessed for the IUCN Red List (IUCN 2017).
This species has a grey to brown dorsum covered with darker brown to black irregular
bands, typically edged by small, beige spots. The ventral surface is white to cream with small,
dark brown specks, which becomes darker under the tail. Superficially, this species is similar to
Dipsas variegata from which it is distinguishable by the iris, which is solidly colored in D.
variegata and flecked with black in S. nebulatus.
Siphlophis compressus (Daudin 1803b): Figure 8A
Sites: K8; K9
This semi-arboreal species was recorded both on the ground and on vegetation, actively
moving at night. All individuals were found in forested areas not associated with clearings.
Siphlophis compressus is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
Siphlophis compressus has a reddish-pink dorsum with black bands or spots. Typically,
the head is orange with a black neck, though some individuals are black on the anterior portion
of the head, all with a red iris. A whitish-yellow collar is present on some individuals. The
ventral surface is cream tinged with pink posteriorly, while the distal portion of the tail is grey. S.
compressus can be distinguished from other species by its pinkish-red coloration and red eyes.
Xenodon rabdocephalus (Wied-Neuwied 1824): Figure 8B
Sites: K8
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This species is only reported from one individual. It was encountered slowly moving
across the leaf litter on a trail through primary forest. Xenodon rabdocephalus has not yet been
assessed for the IUCN Red List (IUCN 2017).
This species has a brown dorsum with a series of brownish to grayish dorsal bands that
are long and hourglass shaped. This species differs from Bothrops atrox from which is mimics
by the presence of round pupils and smooth scales, while also lacking a facial pit.
Family Elapidae
Micrurus averyi (Schmidt 1939): Figure 8C
Sites: K8
This species is uncommon in Guyana and from this study is only recorded from one
individual. It was encountered during a night hike up a large hill with many large boulders in
primary forest. Micrurus averyi has not yet been assessed for the IUCN Red List (IUCN 2017).
This small species of coral snake has rings of black, white, and intense red, with the
pattern not consisting as triads (Campbell and Lamar 2004). Its head is almost completely black
with a short white marking partially covering the last 2-4 supralabials, the temporals, and
bordering the parietals. There are 8-13 black rings on the body bordered by short, heavily
interrupted white rings which almost appear as spots. Four to seven black rings occur on the tail.
The red body rings are very long. This species can be easily distinguished from the other
Micrurus species by the pattern (very long red bands relative to the black and white rings and not
in triads in M. averyi as opposed to black rings in triads separated by red bands in M. lemniscatus
and M. surinamensis). All Micrurus species lack a loreal scale.
Micrurus lemniscatus (Linnaeus 1758): Figure 8D
Sites: YV; K5; K8
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This species was only encountered during night surveys. When encountered in forested
habitats, they were actively moving along the ground, often near swampy areas. In Yupukari
Village, M. lemniscatus was caught in pitfall traps set in gallery forests. Micrurus lemniscatus
has not yet been assessed for the IUCN Red List (IUCN 2017).
The pattern of M. lemniscatus consists of triads of solid black separated by cream bands
with small black flecks. These triads are separated by red bands with black flecks. The tip of the
snout and tail are black, and a cream band runs dorsally between the nostril and the eye.
Following the cream band, a dorsal black band runs through eyes followed by a red parietal
band. This species can be differentiated from Oxyrhopus melanogenys by having bands
completely encircling the body. All Micrurus species lack a loreal scale.
Micrurus surinamensis (Cuvier 1817): Figure 8E
Sites: K8; K11
This species was predominantly found in flooded portions of primary forest or in shallow
streams crossing various trails. One individual was found in a small creek adjacent to small farm
clearing in primary forest. Micrurus surinamensis has not yet been assessed for the IUCN Red
List (IUCN 2017).
The pattern on the body of this large Micrurus species consists of triads of red, black and
pale-yellow bands which completely encircle the body. The head is red with cephalic scales
edged with black. The first black band follows the red head, where it is followed by bands of
white, black, white, black and red, then repeating. The red scales can have black spots dorsally.
This species differs from all other Micrurus species by its distinctive red head.
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Figure 7. Reptile species present in Yupukari Village, Dadanawa Ranch, and the Kanuku
Mountains Part III. A. Oxybelis aeneus B. Oxybelis fulgidis C. Rhinobothryum lentiginosum
D. Spilotes pullatus E. Tantilla melanocephala F. Atractus torquatus G. Atractus trilineatus
H. Dipsas catesbyi I. Dipsas variegata J. Erythrolamprus aesculapii K. Erythrolamprus miliaris
L. Erythrolamprus poecilogyrus M. Erythrolamprus typhlus N. Imantodes cenchoa
O. Leptodeira annulata P. Lygophis lineatus Q. Oxyrhopus melanogenys R. Oxyrhopus
petolarius S. Philodryas argenetea T. Philodryas viridissima U. Phimophis guianensis
V. Pseudoboa coronata W. Pseudoboa neuwiedii X. Sibon nebulatus
Family Leptotyphlopidae
Epictia tenella (Klauber 1939): Figure 8F
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Sites: K8
This species was often encountered when camp was being set on sandy or loamy
substrate and were dug up when digging channels to divert rain. Epictia tenella has not yet been
assessed for the IUCN Red List (IUCN 2017).
This small species has a dark brown dorsum and venter. The tip of the tail is bright
yellow and yellowish-green spot is present on the snout. This species differs from other species
in Leptotyphlopidae by its coloration, specifically the bright yellow on the snout and tail.
Trilepida dimidiata (Jan 1861): Figure 8G
Sites: YV
This species was only encountered in Yupukari Village where it was caught in pitfall
traps that were set in gallery forests. Trilepida dimidiata has not yet been assessed for the IUCN
Red List
This very small species has a dorsal coloration of pink to brown. Its ventral surface is
translucent pinkish gray and lacks a reticulate color pattern. This species has four scales plus the
rostral that form the border of the upper lip on either side. Epictia tenella, which could
potentially be sympatric, differs from T. dimidiata by its coloration (E. tenella is much darker,
has a dark brown head with a large yellow spot covering rostral and adjacent scales).
Family Typhlopidae
Amerotyphlops reticulatus (Linnaeus 1758): Figure 8H
Sites: YV
In Yupukari Village, Amerotyphlops reticulatus was caught in pitfall traps placed in
gallery forest. This species is classified by the IUCN as “Least Concern” (LC; IUCN 2017).
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This species has a dark brown or black dorsum with a light tan ventral surface. There are
typically light tan patches on or around the tail as well as on the snout, though this is variable
between individuals. This species is most similar to E. tenella from which it can be distinguished
by a tan venter, face, and tail.
Family Viperidae
Bothrops atrox (Linnaeus 1758): Figure 8I
Sites: K2; K8; K9
This species was locally common in certain survey sites in the Kanuku Mountains. Adults
and juveniles were observed during the day and night in primary forest, often coiled on the forest
floor or just above on fallen palm leaves, occasionally near rocky outcrops. They were also
encountered in groves of bamboo within primary forest. Bothrops atrox has not yet been
assessed for the IUCN Red List (IUCN 2017).
Bothrops atrox exhibits great variability in their ground color, which can be gray, olive,
tan, or brown, with variability in the patterning. Often, there are a series of dorsolateral blotches
that can be rectangular or trapezoidal in shape, while others display hourglass shaped blotches
separated by diamond interspaces, and others no pattern at all. When patterned, the dark blotches
have pale borders. A postocular stripe typically runs from behind the eye to the angle of the
mouth. The ventral coloration can be yellowish gray, cream, or white, with gray or black
mottling posteriorly. Juveniles have a bright yellow or cream tail. This species can be
differentiated from Xenodon rabdocephalus, a mimic, by having vertical pupils, keeled scales,
and a loreal pit.
Bothrops bilineatus (Wied-Neuwied 1821): Figure 8J
Sites: K8
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Individuals were separately encountered in primary forest, coiled on small tree branches
approximately 1.5m above the ground. Bothrops bilineatus has not yet been assessed for the
IUCN Red List (IUCN 2017).
This species has a pale green ground color with small black spots or a series of paired tan
or reddish-brown spots. A creamy yellow line extending down the length of the body borders the
ventral scales. The yellow belly is bordered with green while the latter portion of the tail is pink
and bordered with yellow. The head is like the body, either with black spots or paired tan or
reddish-brown spots. The labial scales are yellow-green with black spots. This species can be
differentiated from other species of green snakes in the area (i.e. Philodryas viridissima,
Chironius exoletus, Liophis typhlus) by its triangular shaped head, loreal pit, vertical pupils, and
keeled scales.
Crotalus durissus (Linnaeus 1758): Figure 8K
Sites: YV
This species was not commonly encountered in Yupukari Village. They have been found
in and around human establishment, with one individual appearing around the main bathrooms of
the Caiman House Field Station at approximately 10:00 PM. Crotalus durissus is classified by
the IUCN as “Least Concern” (LC; IUCN 2017).
Along the pale-gray to brown dorsal surface, dark brown diamond or rhombic shaped
dorsal blotches, extend the length of the body, becoming shorter and wider posteriorly. Two
distinct brown stripes starting at the base of the head extend posteriorly until diamond shaped
pattern begins. The ventral surface can be creamy white, yellowish, or buff and can be
immaculate or have blotches. The ventral coloration becomes darker posteriorly. This species
can be differentiated from all other species of snake by the presence of the rattle on the tail.
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Lachesis muta (Linnaeus 1766): Figure 8L
Sites: K1; K2; K5; K10; K12
Lachesis muta were occasionally encountered in the Kanuku Mountains. Adults and subadults were recorded in the leaf litter in primary rainforest, typically coiled in an ambush
position. Lachesis muta has not yet been assessed for the IUCN Red List (IUCN 2017).
This large viper has a dorsal ground color of reddish brown to orangish tan with dark brown to
black dorsal diamond-shape blotches. Yellow or cream typically borders the dorsal blotches. The
ventral surface can be white or ivory. This species has scarlet colored eyes. This species can be
distinguished from Crotalus durissus, the other viperid with diamond-shaped dorsal blotches by
the lack of a rattle and presence in rainforest habitat rather than open areas.
TESTUDINATA
Family Chelidae
Chelus fimbriata (Schneider 1783): Figure 8M
Sites: YV
This completely aquatic species was encountered in shallow, slow moving water at the
Mobai Lake Landing at the edge of the Rupununi River. Chelus fimbriata has not yet been
assessed for the IUCN Red List (IUCN 2017).
This large turtle has a brown to black carapace and a cream, brown, or orange plastron
and bridge. Along the carapace run three knobby keels. Due to their sedentary behavior, algae
may cover much of the carapace. The skin of the head, neck, tail and limbs in adults is grayish
brown. The broadly triangular head has large lateral flaps of skin as well as tubercles near the
corners of the mouth and neck. The snout of Chelus fimbriata extends as a long protuberance.
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This species can be differentiated from other species of aquatic turtles by its large size, the
knobby keels along the carapace, and the triangular shaped head with elongated snout.
Mesoclemmys gibba (Schweigger 1812): Figure 8N
Sites: K8
This species was found active at night in shallow bodies of water in primary forest,
especially still or slow-moving swamps. Mesoclemmys gibba has not yet been assessed for the
IUCN Red List (IUCN 2017).
This medium sized aquatic turtle has an unpatterned carapace that can be brown, dark
gray, or black and a yellow to reddish brown plastron. Each plastron scute has a brown blotch,
sometimes with a narrow yellow anterior and posterior border. The undersides of the marginal
scales and the bridge are brown to yellow. The dorsal and lateral surface of the head and neck
can be red brown to dark gray becoming grayish to pale yellow on the ventral surface sometimes,
with dark spots on the lower jaw. The two chin barbells are yellow. The upper jaw is yellow to
white and can have black bars. The tail and limbs are gray black with yellow limb sockets. This
species differs from the Platemys platycephala, which occurs in similar habitats, by having a
brown to grey head with yellow chin barbells rather than yellow on the head with brown chin
barbells (in P. platycephala).
Platemys platycephala (Schneider 1792): Figure 8O
Sites: K6
This species is recorded from one adult that was found at night in a small, mud-bottomed
swamp full of leaf-litter in primary forest. Platemys platycephala has not yet been assessed for
the IUCN Red List (IUCN 2017).
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This medium sized semi-aquatic turtle has an orange to yellow brown and black flattened
carapace with two keels running longitudinally. The dark brown or black plastron has a yellow
border and the bridge is yellow with a dark transverse bar. The dorsal surfaces of the head and
neck are orange to yellow brown, becoming dark brown to black on the lateral and ventral
surfaces, including the two small chin barbells. The limbs and tail are black. This species differs
from the Mesoclemmys gibba, which occurs in similar habitats, by having yellow on the head
with brown chin barbells as opposed to brown to grey head with yellow barbells (in M. gibba).
Family Geoemydidae
Rhinoclemmys punctularia (Daudin 1801): Figure 8P
Sites: K1
This species was infrequently observed in the survey sites. The individuals encountered
were in small, temporary pools of water. Rhinoclemmys punctularia has not yet been assessed for
the IUCN Red List (IUCN 2017).
This medium sized semi-aquatic species has a dark brown to black carapace with a red
brown to black plastron with a yellow border and scute seams. The yellow bridge has two large
dark blotches. The blackish head has two red or yellow longitudinal stripes that run from the eye
to the neck, which may form a horseshoe-like mark in some individuals. The limbs and tail are
yellowish with black spots. This species can be distinguished from all other turtles by their
distinctive orange to yellow longitudinal stripes or horseshoe on the head.
Family Podocnemidae
Podocnemis unifilis (Troschel 1848): Figure 8Q
Sites: YV; K5; K7; K8
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This species was often encountered while traveling between survey sites. They were
frequently observed basking on logs in creeks were survey sites were located, or along the main
channel of the Rupununi River. Podocnemis unifilis is classified by the IUCN as “Vulnerable
A1acd” (VU; IUCN 2017).
This large aquatic species has an olive to dark gray or brown carapace with a cream or
yellow plastron and bridge which may develop dark blotches with age. The gray, olive, or brown
head has characteristic yellow spots, one on each tympanum, one on the top of the snout, one on
either side of the snout which extends to the upper jaw rim, and one on either side of the head
which extends from the back of the eye to the corner of the mouth. The limbs and tail are olive
brown to gray. Podocnemis unifilis can be distinguished from other fully aquatic turtles by
carapace (not keeled as in C. fimbriata) and by the distinctive yellow spots on the head and face
(not present in other aquatic species).
Family Testudinidae
Chelonoidis carbonarius (Spix 1824): Figure 8R
Sites: YV; DR
The Chelonoidis carbonarius were encountered in bush islands and gallery forests around
Yupukari Village and Dadanawa Ranch. This species has not yet been assessed for the IUCN
Red List (IUCN 2017).
Of the two tortoise species, Chelonoidis carbonarius is the smaller, reaching lengths of
up to 51cm. It has a black carapace with small yellow areas around the areolae. It has black limbs
with red tips on the scales. This species can be distinguished from C. denticulatus by the
carapace color (black in C. carbonarius and brown in C. denticulatus).
Chelonoidis denticulatus (Linnaeus 1766): Figure 8S
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Sites: K2; K5; K7; K8
Adults and sub-adults of Chelonoidis denticulatus were observed throughout the Kanuku
Mountain survey sites. They were recorded in primary rainforest as well as bamboo thickets
within primary rainforest. Several shells of adults were encountered with puncture marks and
may have fallen prey to jaguars. This species is classified by the IUCN as “Vulnerable
A1cd+2cd” (VU; IUCN 2017).
This species of tortoise is larger than Chelonoidis carbonarius, reaching an average
maximum carapace length of 70cm. C. denticulatus has a brown carapace with areolae that are
lighter than the outer portion of the scutes. It can be distinguished from C. carbonarius by the
color of the scales on the legs (yellow or orange in C. denticulatus and red in C. carbonarius).
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Figure 8. Reptile species present in Yupukari Village, Dadanawa Ranch, and the Kanuku
Mountains Part IV. A. Siphlophis compressus B. Xenodon rabdocephalus C. Micrurus averyi
D. Micrurus lemniscatus E. Micrurus surinamensis F. Epictia tenella G. Trilepida dimidiata
H. Amerotyphlops reticulatus I. Bothrops atrox J. Bothrops bilineatus K. Crotalus durissus L.
Lachesis muta M. Chelus fimbriata N. Mesoclemmys gibba O. Platemys platycephala P.
Rhinoclemmys punctularia Q. Podocnemis unifilis R. Chelonoidis carbonarius S. Chelonoidis
denticulatus
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DISCUSSION
In our surveys, the total number of species found in the Kanuku Mountains, Yupukari
Village, and Dadanawa Ranch represents 43% of the herpetofaunal species richness recorded in
Guyana (324 species; Cole et al. 2013). The Kanuku Mountains are one of Guyana’s five
Protected Areas, spanning 6110 km2, thus the data on the region’s herpetofauna will be vital for
informing ongoing management.
Four records are of particular interest in this study. Epicrates maurus and Mastigodryas
bifossatus are now reported for the first time from Guyana. Cole et al. (2013) examined Guyanan
voucher specimens of E. cenchria to evaluate the presence of E. maurus in Guyana following the
characters listed by Chippaux (1986), Starace (1998), and Passos and Fernandes (2008). Their
evaluations revealed that the examined specimens were consistent with E. cenchria in scale
counts and color pattern. However, the examined voucher specimens were collected from humid,
forested regions of north-central Guyana, not from drier savanna regions and associated habitats
from where E. maurus occurs, and where the records listed herein were found. The presence of
Mastigodryas bifossatus in Guyana was suspected by Cole et al. (2013). M. bifossatus occurs in
countries near Guyana (i.e. Brazil and Venezuela). Its presence in Guyana is now confirmed with
this being the first verified record.
Leptodactylus myersi was also suspected of occurring in Guyana. It is known from the
Guianan region of Brazil, French Guiana, and Suriname, but was thought to occur more widely
than current records suggest (Heyer et al. 2004). These voucher specimens now provide the
second known location of L. myersi in Guyana, with the first official record occurring at Kusad
Mountain, southwest of the Kanuku Mountains (Snyder et al. 2016). Described from Venezuela
and recently reported from northern Brazil (Giaretta & Bang 2017), Scinax rostratus has a broad
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distribution across northern South America. We now provide the first record of its presence in
Guyana.
We were unable to assign three amphibians to any valid species. At present, there are five
species of Anomaloglossus recorded for Guyana, all known from the Pakaraima Mountains in the
Guiana Highlands. The record of Anomaloglossus sp. (Figure 2B) does not resemble these
species. The recent work of Vacher et al. (2017) and habitat where it was encountered, suggest
this species could be closely related to A. apiau and may be a new species (Antoine Fouquet
pers. comm.). The second record refers to Vitreorana sp. (Figure 2H). In Guyana, there are 2
Vitreorana species: Vitreorana gorzulae and V. helenae, and a third V. oyampiensis suspected to
occur. As we only have a specimen photograph and not a voucher specimen, we cannot assign it
to any of these species. The vouchers of Scinax sp. (Figure 3A) closely resemble Scinax sp. in
Cole et al. (2013). These vouchers warrant further investigation as they may represent
undescribed species.
Interestingly, two voucher specimens were the result of predation events that were
previously unreported in the literature. The specimen of Erythrolamprus reginae (USNM
589216) was collected from the crop of a turkey vulture (Cathartes aura) and a specimen of
Ctenophryne geayi (USNM 589097) was removed from the gut of the snake Leptodeira annulata
(USNM 589093).
Future studies should aim to survey some of the higher elevations and habitat types
within the Kanuku Mountains (including cloud forests found in the mountains highest peaks),
which could harbor endemic species. Additionally, considerable effort should be given to
surveying fossorial amphibians and reptiles that can be hard to detect without specific survey
methods and may have been overlooked during our surveys. Though many species were
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uncommonly encountered during our surveys, it is not an indication of rarity. A variety of factors
such as weather conditions and areas targeted within sites might have impacted encounters.
Additionally, the lack of a species record in a site does not imply that they are not found there.
Certain sites such as Mapari Creek have received far greater survey effort than others, for
example those with opportunistic records from MH while setting camera-traps for large
mammals.
This paper represents a preliminary checklist of species presently known in and around
the Kanuku Mountains and fills in a large herpetofaunal knowledge gap from Guyana. One
species of amphibian and two new species of reptiles are added to the growing list for the
country, with the possible addition of multiple amphibian species following further investigation.
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CHAPTER III

CRYPTIC DIVERSITY IN THE ENIGMATIC NEOTROPICAL CRESTED TOAD
(RHINELLA MARGARITIFERA) SPECIES GROUP (ANURA: BUFONIDAE)
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INTRODUCTION
The Neotropics are characterized as the most species rich region in the world, with high species
endemism and α-diversity, and also contain a number of important biodiversity hotspots (Myers
et al. 2000; Antonelli & Sanmartín 2011; Jenkins et al. 2013). However, accurate delimitation of
species living in these regions and their distributions is still lacking for a variety of taxonomic
groups. As a result, species richness across this under-surveyed region is likely vastly
underestimated (Vietes et al. 2009; Funk et al. 2012; Ferrão et al. 2016; Hamdan et al. 2017).
The increasing use of molecular data in phylogenetic analyses has reinforced the notion that
many extant terrestrial organisms, particularly in the tropics, exhibit high levels of cryptic
diversity (i.e., the erroneous classification of two or more species as one nominal species)
because the species’ morphological characters are often superficially indistinguishable (Bickford
et al. 2007). This is especially true of Neotropical amphibians, where numerous examples of a
single widespread species have instead been suggested to be complexes of cryptic species
(Fouquet et al. 2007a, 2007b, 2014, 2016; Gehara et al. 2014).
The Neotropical toads of the Rhinella margaritifera species group are cryptically colored
inhabitants of the forest leaf litter, characterized morphologically by the presence of
hypertrophied supra and postorbital crests (Figure 1). The group also shares the putative
synapomorphies of nasals that articulate laterally with the preorbital process of the maxilla and
an expanded posterior ramus of the pterygoid (Pramuk 2006). Though this group was long
recognized to be a species complex, it is only recently that the demarcation of taxa within the
group has been attempted. Presently, the R. margaritifera species group (formerly Bufo
margaritifer or Bufo typhonius species group) is composed of 19 recognized species (Vaz-Silva
et al. 2015), the vast majority of which have been described on the basis of morphological,
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and/or advertisement call characters within the last twenty years. This species complex is broadly
distributed throughout primary and secondary forests of the Neotropics. The distributions of
thirteen of these species are confined to Central America, the Amazon Basin, and the Guyanas
(areas that have been the focus of taxonomic study within this group), while the four remaining
species are found in the Atlantic Forest, Pantanal, and Cerrado regions of Brazil.

Figure 1. Supra and post-orbital crest diversity in Rhinella margaritifera species group. A
& C Rhinella margaritifera s.l. from San Jose de Payamino, Ecudaor; B Rhinella martyi from
Iwokrama, Guyana; D & E Rhinella margaritifer s.l. from Kaw Mountains, French Guiana.
Images not shown at same scale.
Among Neotropical amphibians, the R. margaritifera species group has a particularly
complex history that remains poorly resolved (Hoogmoed 1986, 1989, 1990; Hass et al. 1995;
Fouquet et al. 2007b, 2007c; Moravec et al. 2014; dos Santos et al. 2015). The identification and
delimitation of new species has been challenging for systematists due to members in the species
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group having broad distributions, displaying highly variable intraspecific morphology, lacking
interspecific morphological differentiation, and general taxonomic confusion due to the
condition or unavailability of the type material (Hoogmoed 1989, 1990; Fouquet et al. 2007b,
2007c). Complicating the taxonomic confusion is the likely presence numerous cryptic species
within the nominally described species. Due to the intra- and interpopulation variation in
morphological characteristics, external morphology alone has limited utility for resolving the
taxonomy of the R. margaritifera species group.
Genetic studies have been increasingly valuable in helping to identify cryptic species and
better defining species boundaries. For example, molecular evidence revealed the “R.
margaritifera” of the Guianan region to be paraphyletic and suggested as many as 11 additional
species within the species group (Fouquet et al. 2007b). Additional work exploring the genetic
structure of Andean “R. margaritifera” populations demonstrated genetic discontinuity, with the
authors redelimiting R. alata as a trans-Andean species restricted to Panama and Chocoan
Ecuador and Colombia (dos Santos et al. 2015).
In this study, we aim to reconstruct phylogenetic relationships of the Rhinella
margaritifera species complex sampling across its extensive geographic distribution. Using
molecular data, we explore the extent to which the true species-level diversity of this group has
been underestimated and the continental-scale biogeographic patterns that can only be explored
with such broadly ranging groups.
MATERIALS AND METHODS
Molecular Analysis
We analyzed 275 specimens assigned to the Rhinella margaritifera group, including R. alata, R.
castaneotica, R. dapsilis, R. hoogmoedi, R. lescurei, R. martyi, R. ocellata, R. paraguayensis,

144

and R. yunga, with two outgroups, Rhaebo guttatus and Atelopus spumarius (Figures 2-4). Total
genomic DNA was extracted from liver tissue or muscle tissue either stored frozen or in ethanol
using the Qiagen DNeasy® Blood and Tissue Kit following manufacturer’s protocols. DNA was
amplified via Polymerase Chain Reaction (PCR) for a fragment of the mitochondrial Control
Region and the nuclear Tyrosinase (Tyr) gene. We performed a PCR in 13 µl reactions
containing TaKaRa Hotstart Taq polymerase, 10 × reaction buffer [100 mM Tris HCl (pH 8.3),
500 mM KCl, 15 mM MgCl 2]. Amplification followed published PCR conditions (Goebel et al.
1999; Pramuk 2006) and was performed on a MJ Research thermal cycler. Cycle sequencing
reactions were completed with Big Dye Sequencing kits (ABI Inc.). The PCR products were
purified with Millipore MANU030 PCR plates. Double-stranded, purified products were used in
1/32 dideoxy-termination sequencing reactions (10 µl total volume). Sequencing reactions were
cleaned with Sephadex columns and sequencing was performed directly using an ABI 3100
automated sequencer. Sequences were processed and edited using the program Sequencher 3.1.1
(Gene Codes Corp.).
In addition to the newly generated Control Region (n=214 individuals, 557bp alignment)
and tyrosinase (n=83, 555bp) sequences, our dataset was combined with additional tyrosinase
sequences (n=95, 555bp), as well as 12s (n=107, 386bp) and 16s (n=123, 410bp) mitochondrial
DNA sequences from previously published studies (Pramuk 2006; Fouquet et al. 2007b, 2012a,
2012b; Jansen et al. 2011; Moravec et al. 2014; dos Santos et al. 2015; Cusi et al. 2017).
Sequence alignment was done in Geneious Pro 8.1.9 (Kearse et al. 2012), and ambiguously
aligned regions were manually adjusted to produce the most parsimonious alignment. To fill the
concatenated alignment for specimens lacking gene sequence data, missing sequences were
treated as missing data (Supplementary Table 3, Appendix). Although several conditions can
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lead to poor performance of phylogenetic estimates of concatenated data, our dataset had many
samples per species and individual locus analyses yielded supported clades (Kubatko & Degnan
2007). Newly determined sequences will be submitted to GenBank (see Supplementary Table 3
in Appendix for GenBank accession numbers of novel and previously published sequences).
The combined dataset, totaling 1907 bp, after exclusion of regions of ambiguous
alignment, was subjected to phylogenetic inference using Bayesian analyses to determine the
evolutionary relationships among 275 specimens within the widespread Rhinella margaritifera
complex (Fouquet et al. 2007a; Moravec et al. 2014; dos Santos et al. 2015; Cusi et al. 2017).
Optimal partitioning schemes and nucleotide substitution model choice were estimated with
PartitionFinder2 2.1.1 (Lanfear et al., 2012) using the ‘greedy’ algorithm, the ‘mrbayes’ set of
models, and the Bayesian information criterion to compare the fit of alternative models. The best
partitioning scheme and models of evolution were Control Region (GTR+I+G), 12s and 16s
(GTR+I+G), 1st and 2nd positions of Tyr (JC+I), and 3rd position of Tyr (HKY+I+G). Flat
Dirichlet priors were used for base frequencies and substitution rate matrices and uniform priors
were used for the among-site rate parameters. Two replicate Bayesian analyses were run for 100
million generations with four chains and a sampling frequency of 100,000 generations. Adequate
burn-in (the first 250/1000 trees) was determined by examining a plot of the likelihood scores of
the heated chain for convergence on stationarity. Tree topologies were viewed using FigTree
v1.4.3 (Rambaut 2016). Bayesian posterior probabilities (PP) were used to estimate clade
credibility in MrBayes 3.2.2 (Ronquist et al., 2012) on the CIPRES Science Gateway V3.3
(Miller et al. 2010).
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RESULTS
Our analysis of the concatenated mtDNA and nuclear DNA dataset recovered Rhinella
margaritifera sensu stricto as paraphyletic with respect to other described taxa. Our data strongly
support (pp ≥ .99) lineage 1 as the basal terminal taxon the group, sister to all other
representatives of the R. margaritifera species group included in this study (i.e. 26 main
lineages) However, many relationships throughout the optimal phylogenetic tree display poor
support, especially among deep divergences (Figures 2-5).
Lineage 1 segregated geographically into two clades each of which contain members that
were clustered according to their geographic distributions. One clade consists of widespread,
disjunct samples from the Andean lowlands (Sucumbíos, Ecuador) and central Amazonia (Para,
Brazil) while the distribution of the second clade is confined to French Guiana (Figure 2). Within
the latter distribution, this clade shares part of its distribution with lineage 2. Lineage 2 and R.
lineage 3 are both strongly supported (pp=.95, .97 respectively) as clearly defined, monophyletic
clades, although their relationships to other clades are poorly resolved. Lineage 2 is limited in
distribution across French Guiana (Figure 2) while lineage 3 has a broad distribution spanning
across Brazilian Amazonia (Pará, Amazonas, and Rondônia) and with disjunct populations in
Panama (Figure 2).
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Figure 2. Phylogenetic relationships and geographic distribution of Rhinella margaritifera
clades Part I. Bayesian phylogram and distribution maps of concatenated mtDNA and nuDNA
lineages 1-3. Posterior probabilities above .65 are indicated above nodes (asterisks = >.99 pp).
Location of enlarged portion of phylogram depicted in inset.
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Within the group, the clade containing lineages 4-10 forms a weakly supported
monophyletic group. Although the relationship among members within lineage 4 is weakly
supported, the samples are distributed along the eastern Andes of Ecuador and Peru, subdivided
into two monophyletic clades corresponding to their geographic clusters. Samples from the
Cordillera Yanachaga and the Rio Huatziroki in the uplands central Peru form a monophyletic
group, while samples from the lowlands of Tarapoto, Peru and Sucumbíos, Ecuador form another
monophyletic group (Figure 3). Lineage 4 is weakly supported as sister to lineage 5, which also
has a weakly supported relationship. Lineage 5 exhibits a broad, disjunct distribution, consisting
of populations in northeastern Peru (Anguilla and Puerto Almendra) and from the Brazil Cerrado
(Tocatins, Lajeado and Peixe). Together, lineages 4 and 5 are sister to the remaining species in
the group (Figure 3).
Within the group, the clade containing lineages 4-10 forms a weakly supported
monophyletic group. Although the relationship among members within lineage 4 is weakly
supported, the samples are distributed along the eastern Andes of Ecuador and Peru, subdivided
into two monophyletic clades corresponding to their geographic clusters. Samples from the
Cordillera Yanachaga and the Rio Huatziroki in the uplands central Peru form a monophyletic
group, while samples from the lowlands of Tarapoto, Peru and Sucumbíos, Ecuador form another
monophyletic group (Figure 3). Lineage 4 is weakly supported as sister to lineage 5, which also
has a weakly supported relationship. Lineage 5 exhibits a broad, disjunct distribution, consisting
of populations in northeastern Peru (Anguilla and Puerto Almendra) and from the Brazil Cerrado
(Tocatins, Lajeado and Peixe). Together, lineages 4 and 5 are sister to the remaining species in
the group (Figure 3).
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Lineage 6 is recovered as sister to the well supported group containing lineage 7-10
(pp≥.99). This species is presently only recovered from a single individual from Peru (lacking
precise locality data) and its relationship is weakly supported (Figure 3). This strongly supported
group is further subdivided into two subgroups: one is comprised of lineage 7 and lineage 8, and
the other of lineage 9 and lineage 10. Lineage 7 and lineage 8 form a well supported group
(pp≥.99), sister to one another, and are allopatrically distributed. Lineage 7 is monophyletic
(pp=.92) and distributed throughout the Choco region of Ecuador while lineage 8, also
monophyletic (pp=.91), has populations distributed across Panama, Venezuela (precise locality
data unavailable), and Guyana (Figure 3).
Lineage 9 and lineage 10 are both strongly supported as monophyletic sister lineages
(pp≥.99 at each node). Lineage 9 and lineage 10 overlap in the northern portion of their range in
Ecuador as well as in the southern portion of their range in southern Peru and extend across
northern Bolivia into Brazil. However lineage 9 also extends broadly into eastern Amazonia
(Para, Brazil). Together, the clade containing lineage 7 and lineage 8 is strongly supported as
sister to the clade containing lineage 9 and lineage 10 (pp≥.99).
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Figure 3. Phylogenetic relationships and geographic distribution of Rhinella margaritifera
clades Part II. Bayesian phylogram and distribution maps of concatenated mtDNA and nuDNA
lineages 4-10. Note R. sp. 6 does not appear on map. Posterior probabilities above .65 are
indicated above nodes (asterisks = > .99 pp). Location of enlarged portion of phylogram depicted
in inset.
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Lineage 11 is recovered as sister to the group containing lineages 12-18, however, all
species in this clade display weakly supported relationships (Figure 4). Lineage 11 consists of
two geographically disjunct individuals from central Amazonia (Anavilhanas, Brazil) and eastern
Amazonia (Serro Bonita, Camacan, Brazil). The rest of the clade is composed of lineage 12 from
central Amazonia (Amazonas, Brazil), lineage 13 from northwestern Amazonia (Sucumbíos,
Ecuador), lineage 14 from southwestern Amazonia (Cuzco, Peru and San Sebastián, Bolivia),
lineage 15 from southwestern Amazonia (Madre de Dios, Peru), R. sp. 16 from western
Amazonia (Amazonas, Brazil), lineage 17 from central Amazonia (Anavilhanas, Brazil), and
lineage 18 from western Amazonia: Brazil (Amazonas and Rondônia), Bolivia (Beni Department
and Bolpebra), and Peru (Cuzco Amazonico and Madre de Dios).
We recovered lineage 19 from the Guiana Shield as monophyletic (pp≥.99) and sister
(pp≥.99) to the clade containing lineages 20-26 (Figure 5). Lineage 20 from eastern Amazonia
receives weak support for the relationship among the included samples, but receives strong
support (pp≥.99) as sister to the remaining species in the clade. The six additional lineages (2126) are all monophyletic, and lineage 23, lineage 24, and lineage 26 are strongly supported
(pp≥.98). The three lineages from the Andean foreland basin in Ecuador and Peru, lineages 21,
22, and 23 display weakly supported relationships among them. Populations of lineages 22 and
23 broadly overlap geographically in the eastern lowlands of Ecuador and northern Peru,
however lineage 22 contains an outlier population in Pichincha, Ecuador, the only population
west of the Andes in the entire clade. Lineages 24 and 26 are exclusively in the Guiana Shield
predominantly occurring in French Guiana although lineage 24 includes nearby individuals from
Amapá, Brazil. Lineage 25 from central Amazonia (Amazonas, Brazil) is weakly supported as
the sister to lineage 26.
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Figure 4. Phylogenetic relationships and geographic distribution of Rhinella margaritifera
clades Part III. Bayesian phylogram and distribution maps of concatenated mtDNA and nuDNA
lineages 11-18. Posterior probabilities above .65 are indicated above nodes (asterisks = >.99 pp).
Location of enlarged portion of phylogram depicted in inset.
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Figure 5. Phylogenetic relationships and geographic distribution of Rhinella margaritifera
clades Part IV. Bayesian phylogram and distribution maps of concatenated mtDNA and nuDNA
lineages 19-26. Posterior probabilities above .65 are indicated above nodes (asterisks = >.99 pp).
Location of enlarged portion of phylogram depicted in inset.
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DISCUSSION
Diversity in the Rhinella margaritifera species group
Our analysis of 275 Rhinella from 104 localities provides the most comprehensive
geographic analysis to date of the phylogenetic relationships within the Rhinella margaritifera
species complex. We expanded previous analyses by creating a dataset that includes most of the
currently recognized species (R. acutirostris, R. gildae, R. magnussoni, R. proboscidea, R.
roqueana, R. sclerocephala, R. scitula, R. sebbeni, and R. stanlaii are described only
morphologically) as well as generated new sequence data from localities across Central and
South America. Though we recovered support for many previously described lineages, our
results indicate that additional lineages, and likely new species, remain hidden within Rhinella
margaritifera s.l.
Based on our sampling, the Guiana Shield and western Amazonia each harbor many
lineages with part of their populations clustered in sympatry or at least close proximity. In the
Guiana Shield this predominantly occurred in Suriname and French Guiana (lineages 1, 2, 19,
24, 26; Figures 2 and 5) and within the Ecuadorian and Peruvian Andes, the core areas included
Ecuador and northern Peru (lineages 1, 3, 4, 9, 10, 13, 21, 22, 23; Figures 2-5) or centralsouthern Peru (lineages 4, 9, 10, 14, 15, 18, 21; Figures 3-5). Several of these lineages are
strongly supported and are located in or near areas that harbor cryptic diversity in other
amphibian taxa (Elmer et al. 2007, 2013; Funk et al. 2012; Gehara et al. 2014; Fouquet et al.
2016; Vacher et al. 2017).
Our optimal phylogeny strongly supports lineage 1 (R. castaneotica, Fouquet et al.
2007b) as the basal terminal taxon to all other lineages within the Rhinella margaritifera species
group included in our analysis. Our sampling recovers a wide distribution from the Guiana
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Shield and extending south of the Amazon River into Para, Brazil, and westward to Sucumbíos,
Ecuador, which overlaps the known distribution of the species (Köhler & Lötters 1999, Fouquet
et al. 2012a; Figure 2). Our results also recover a similar relationship as Fouquet et al. (2012a)
where representatives of R. castaneotica from the Guiana Shield form a monophyletic lineage
separate from populations outside of the Guiana Shield.
Lineage 2 and has a very narrow distribution in the Guiana Shield, with our sampling
indicating it is confined to French Guiana (Figure 2). Interestingly, this clade is subdivided into
two well supported clades where a single sample previously assigned to R. castaneotica (Fouquet
et al. 2012a) is sister to a clade containing samples all previously assigned to R. lescurei
(Fouquet et al. 2007b, 2007c). Our sampling indicates that lineage 3 is distributed across both
sides of the Andes Mountains, with individuals located in central and southwestern Amazonia
(Pará, Amazonas, and Rondônia, Brazil) and in Panama (Figure 2). The distribution on both
sides of the Andes Mountains refutes the claim by dos Santos et al. (2015) that R. margaritifera
s.l. is strictly cis-Andean, and also reveals that more than one species of R. margaritifera s.l.
occurs in Panama.
Within lineage 4, the samples from the Cordillera Yanachaga and Rio Huatziroki were
previously assigned to R. yunga (Moravec et al. 2014; Cusi et al. 2017), which is known from an
altitudinal range of 1800-2230 m. Additional investigation into the populations from Sucumbios
and Tarapoto may reveal that they represent different species than R. yunga from central Peru
based on the altitudinal differences in their distribution. Lineage 5 is widely distributed into two
disjunct populations, in western Amazonia in Peru (Anguilla and Puerto Almendra) and in the
Brazilian Cerrado. The two samples from the Brazilian Cerrado are recovered as monophyletic
and were previously assigned to R. ocellata (Pramuk 2006; Fouquet et al. 2012a). Due to the
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large biogeographic break between the samples and the difference in the habitats occupied, the
taxonomic status of lineage 5 warrants further investigation to determine whether it is composed
of more than one species or if R. ocellata is a habitat generalist and widely distributed than
presently known.
Recently, all populations of R. margaritifera s.l. ranging from the Chocó in Ecuador into
Panama were redelimited to R. alata, with R. margaritifera s.l. restricted to only cis-Andean
populations (dos Santos et al. 2015). However our analyses, which included samples from that
study assigned to R. alata from both the Chocó and Panama, contradict these claims. While we
did recover a similar topology dividing lineage 7 (Chocóan R. alata s.l.) from lineage 8
(Panamanian R. alata s.l.), lineage 8 also included populations east of the Andes, from
Venezuela (lacking precise locality data) and western Guyana (Figure 3). Our results suggest that
these are likely two separate species, and that the assignment of all trans-Andean populations to
R. alata is premature. La Marca (1997) and Gorzula and Señaris (1999) reported populations of
R. alata from northern Venezuela, however Barrio-Amorós (1999 “1998”, 2004) disagreed with
the application of the name alata to the Venezuelan form. Morphologically similar to R. alata, R.
acutirostris (presently lacking genetic material) is generally regarded as distributed from
northwest Brazil, into Venezuela, Colombia, and Panama. Further investigation may reveal
lineage 8 actually corresponds to R. acutirostris. Interestingly, the Guyanan samples in this clade
were previously identified as Rhaebo nasicus. R. nasicus was initially placed within the Bufo
typhonius group (Hoogmoed 1977), however its position in Pramuk (2006) suggest this species
does not belong to the R. margaritifera group. Our results suggest that either (i) R. nasicus does
in fact belong to the R. margaritifera group; or (ii) the two specimens from Guyana had been
incorrectly attributed to this taxon.
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Lineage 9 and lineage 10 are strongly supported sister species (pp≥.99) that together are
the sister group to the clade containing lineage 7 and lineage (R. alata s.l.; Figure 3). The
relationship supporting a Chocó and Panama clade as sister to an upper Amazon clade of R.
margaritifera s.l., separated by the Andes Mountains, was also recovered by dos Santos et al.
(2015). Citing genetic distances and morphological differences, the authors suggested these were
likely different species. Our analysis placed additional samples into the upper Amazon clade,
which is further subdivided into two well-supported clades. Although lineage 9 is further
subdivided into two clades, there is no geographic structure among them. Despite sharing much
of the same distribution, lineage 9 and lineage 10 likely represent distinct, possibly undescribed
lineages which are both currently assigned to R. margaritifera s.l.
Lineage 11 is recovered as sister to the clade containing lineages 12-18, although genetic
relationships are not well supported among the taxa. Lineage 11 from our data is composed of
two specimens from geographically distinct regions. One specimen is from the Anavilhanas
Archipelago in central Brazil, north of the Amazon River, while the other individual is from
Serro Bonita, Camacan in the Brazilian Atlantic Forest (Figure 4). The latter specimen was
previously assigned to R. hoogmoedi (Fouquet et al. 2012a), which is presently only known from
the Brazilian Atlantic Forest (Caramaschi & Pombal, 2006). Due to the lack of support for the
phylogenetic relationship between the two samples and their geographic divide, including
separation by the Brazilian Cerrado, further research into this lineage is necessary to determine
its true composition.
Lineage 12 is known from a single individual from Amazonas, Brazil, and is
geographically proximate to the central Amazonian specimen of lineage 11, but separated by the
Amazon River (Figure 4). Previous studies with anurans have recovered a lack of
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phylogeographic breaks associated with the floodplains of central Amazonian rivers (Gascon et
al. 1998; Lougheed et al. 1999), likely resulting from the dynamic nature of their courses
(Jackson & Austin 2013). Unlike Guiana Shield rivers which are channelled on Precambrian
rock and likely to be more stable over time (Bates et al. 2004), Amazonian floodplain rivers
likely allowed populations to shift across river banks during meander cut-offs, resulting in
periodic gene flow. Geographically isolated from all other members of this clade, lineage 13
occurs in Sucumbíos, Ecuador (Figure 4). Despite the inability to clarify its relationship to other
members of this clade, its geographic separation supports its taxonomic distinctiveness.
Lineage 14 consists of samples from two locations in western Amazonia which are
genetically subdivided based on geographic distribution. Two samples previously assigned as R.
cf. paraguayensis (Jansen et al. 2011) occur in eastern Bolivia (Ñuflo de Chavez), near to the
type locality for R. paraguayensis along the western drainages of the Paraguay River (Ávila et
al. 2010). The remaining samples comprising lineage 14 are from the Cuzco region in the
Peruvian Andes (Figure 4). Additional sampling from both populations with the inclusion of
genetic material from R. paraguayensis s.s. is necessary to resolve the taxonomic assignment and
relationship between the lineages.
Within the clade containing lineages 15-18, lineages 15-17 are represented by single
individuals. These lineages spread from western Amazonia into central Amazonia, where 17
occurs on the opposite side of the Amazon River. Meander cutoffs of rivers leading to period
gene flow may be responsible for the unresolved relationship among the lineages, including the
geographic proximity of lineages 15, 16, and 18. Additional sampling from this region would
help clarify the relationships among the lineages and determine the distinctiveness of each.
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The sister to lineages 20-26, lineage 19 corresponds to R. martyi and is distributed across
the lowlands of the Guiana Shield, including Guyana, Suriname, and southern French Guiana
(Fouquet et al. 2007c; Figure 5). Fouquet et al. (2007c) suggested R. martyi and R. margaritifera
A are probably sister species with a pre-Pleistocene allopatric origin, however we did not recover
a sister relationship between them. Avila-Pires et al. (2010) considered R. martyi as a junior
synonym of R. margaritifer, however our results support R. martyi as a distinct species.
In the southern Amazon rainforest near the Brazilian Cerrado, lineage 20 is represented
by a single individual, isolated from lineages 21-23 by several large tributaries of the Amazon
River. Due to its genetic and biogeographic distinctness within this clade, lineage 20 may
represent an undescribed species. Lineage 21 is distributed along the uplands of the eastern
Peruvian Andes and are presently known from two disjunct areas: from the Alto Mayo Protected
Forest in Rioja and Venceremos and from the buffer zone of the Pui Pui Protected Forest in Ayte
(Figure 5), where they are likely to be sympatric with lineage 4 (R. yunga). Including the
samples from Cusi et al. (2017), lineage 21 recovered the same relationship with an additional
sample from Venceremos. Our genetic data supports their inference that this likely represents a
new, unnamed species. Lineages 22 and 23 are generally distributed throughout the lowlands of
Ecuador and northern Peru, however lineage 22 is also known from regions of higher elevations
in the Peruvian lowlands (Figure 5). Both lineage 22 and 23 include samples from prior
phylogenetic investigations which have been assigned to R. dapsilis (Pramuk 2006, Fouquet et
al. 2007b, dos Santos et al. 2015). Our genetic results recovered the same relationship as
Fouquet et al. (2007b), with the R. dapsilis specimen QCAZ 3509 (Pramuk 2006) from west of
the Andes Mountains in Pinchicha, Ecuador. This specimen, and another assigned to R. dapsilis
from Villano K4 in Ecuador east of the Andes, are nested within R. margaritifera s.l. samples
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from cis-Andean Ecuador and Peru (lineage 22), and are paraphyletic with respect to other
specimens assigned to R. dapsilis (lineage 23; Figure 5). Due to its close phylogenetic
relationship with samples east of the Andes, we agree with Fouquet et al. (2012b) that the
locality data and identification for QCAZ 3509 are likely to be erroneous. Additionally, the
taxonomic assignment to R. dapsilis from the Villano K4 location may be incorrect, rendering
lineage 23 as R. dapsilis sensu stricto.
Within the clade sister to R. martyi (lineage 19), we recovered a lineage that includes R.
margaritifera B (lineage 24), considered an “undescribed” species restricted to Kaw Mountain in
French Guiana (Fouquet et al. 2007c). On the basis of close genetic data and too few individuals
sampled to include in morphometric analysis, the authors deduced it was unlikely to represent a
different species than R. margaritifer A, which we recovered as lineage 26 (Fouquet et al. 2007b,
2007c). Our analyses found strong support for each lineage as distinct (lineage 26: pp ≥ .99,
lineage 24: pp = .98) and recovered lineage 25 as sister to lineage 26. Our results expand the
known distribution of lineage 24 to include populations from Amapá, Brazil (Figure 5). Even
with expanded sampling for lineage 26, our results support the findings from Fouquet et al.
(2007c) that this species is only known from French Guiana and overlaps with lineage 1 (R.
castaneotica), lineage 2 (R. lescurei) and lineage 24 in northeastern portion of the country
(Figures 1 and 5). Fouquet et al. 2007a considered lineage 26 (R. margaritifera A) to be R.
margaritifera sensu stricto, however the neotype was later assigned from the locality of Humaitá,
State of Amazonas Brazil (Lavilla et al. 2013). Interestingly, lineage 25, which only includes one
individual, is known from Amazonas, Brazil, south of the Amazon River, and geographically
proximate to the neotype of R. margaritifera. As a result of our analyses and the assignment of
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the neotype, additional investigation is warranted to clarify the taxonomic status of lineages 24
and 26 and whether lineage 25 belongs R. margaritifera s.s.
Tropical amphibian diversity and conservation implications
For many years, the crested toad (Rhinella margaritifera) complex has confused
taxonomists, harboring high levels of cryptic genetic diversity with fairly homogeneous
morphological variation (Fouquet et al. 2007b, 2007c; Moravec et al. 2014; Cusi et al. 2017).
Uncovering this cryptic diversity has already revealed several new species with geographically
limited boundaries (i.e. R. martyi, R. lescurei; Figure 3). In the case of the R. margaritifera
group, while we uncovered further cryptic genetic diversity with additional lineages having
limited ranges, we also recovered several putative widespread lineages (lineages 1-3, 5, 9, 11;
Figures 2-4). This finding is interesting because widespread amphibian taxa are typically
associated with open areas (Leptodactylus fuscus, Scinax ruber, Dendropsophus minutus) or
large swamps or rivers (Boana boans, Lithobates palmipes, Pipa pipa) (Fouquet et al. 2007a;
Gehara et al. 2014), whereas the R. margaritifera group predominantly inhabits tropical
rainforests.
In addition to the number of additional, undescribed lineages currently within R.
margaritifera s.l., our results highlight other patterns. We recovered two distinct, stronglysupported lineages, lineage 3 and lineage 8, with both cis-Andean and trans-Andean
distributions. Lineage 3 occurs in southwestern Amazonia and central Panama, while lineage 8
occurs in central and eastern Panama and spreads through northern South America into western
Guyana. Panamanian and Chocóan populations of R. margaritifera s.l. were recently delimited as
R. alata (dos Santos et al. 2015), considering R. margaritifera s.l. to be strictly a cis-Andean
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species. Our results instead indicate that R. margaritifera s.l. does have distributions in both
Central and South America that more than one species is present in Panama.
Additionally, our results recovered many Guiana Shield lineages widely dispersed
throughout the phylogeny, with many infrequently sharing a common ancestor, suggesting
separate expansions from and independent colonizations into the region. Separate independent
colonizations into the Guiana Shield are supported by lineage 8, which is the only lineage with
populations in the Guiana Shield in the clade composed of lineage 6-10. Lineage 8 is nested
within a group which includes species distributed in Chocóan Ecuador, western, and central
Amazonia, south of the Amazon River (Figure 3). This is further supported by the clade
composed of lineages 19-26. Lineage 19 (R. martyi), a Guiana Shield endemic lineage, is
strongly supported as the sister to all other members of this clade. Within this clade, the group
containing the other Guiana Shield lineages (lineages 24 and 26) are recovered as sister to
several populations from western Amazonia (lineage 23), and fall out on a in a separate clade
altogether from other species present in the Guiana Shield (e.g. R. castaneotica and R. lescurei,
Figure 2).
There are a number of described species from the R. margaritifera group for which we
did not have genetic material, so we cannot ascribe newly recovered lineages to these nominal
species on the basis of genetics alone, even if they occur in the same area. Despite our analysis
revealing additional cryptic diversity in the R. margaritifera group, it is highly plausible that
with the inclusion of genetic material from all nominal species and material from new regions,
additional putative species will be identified. It may also clarify the taxonomic status R.
castaneotica, R. dapsilis, and R. margartifiera, and provide greater resolution for lineages with
broad, disjunct distributions (lineages 3, 5, 10, 11; Figures 2-4), and biogeographically distinct
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lineages represented by a single specimen (lineages 12, 13, 15, 16, 17, 25; note 6 not included
due to lack of precise locality data; Figures 4 and 5).
The Neotropics harbor biodiversity levels paralleled by few places and boast the highest
number of frog species in the world (Frost 2018). Unfortunately, the region’s unparalleled
biodiversity has not protected it from ongoing threats such as agriculture, mining, logging, oil
extraction, and climate change (Laurance et al. 2002; Lewis et al. 2011). An accurate
understanding of Amazonian species richness and areas of endemism are impeded by uncertainty
of true species boundaries, which presents further difficulties in developing sound conservation
strategies (Bickford et al. 2007, Angulo & Icochea 2010). Locations characterized by high
regional species richness and endemism deserve elevated conservation priority (Myers et al.
2000; Orme et al. 2005). In order to identify geographical patterns of diversity, it is necessary to
understand distributions of species to assign their conservation status (Funk et al. 2012). Single,
widespread species typically merit low conservation concern. However, when a widespread
species is actually composed of many morphologically similar cryptic species with small ranges,
they warrant higher conservation concern (Angulo & Icochea 2010). Recent work has shown that
while widespread species exist, they are the exception rather than the rule (Fouquet et al. 2007a).
Future studies that include a larger number of individuals from undersampled regions, as
well as representatives from other species within the complex, will be essential to further clarify
the phylogenetic relationships within this group. This, combined with morphological and
acoustic data, could be used to reassess the taxonomic status of species that have been described
solely on the basis of morphological characters. Although it is possible that some of our
recovered lineages represent species described on the basis of morphology alone, we are not able
to allocate these names with certainty.
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Large-scale analyses such as this are crucial to understand evolutionary patterns at a
continental scale, however patterns may be misinterpreted with limited sample sizes, geographic
areas, or inferences based only on one character (i.e. a single genetic locus). With the increased
threats faced by tropical forests (Laurance et al. 2002; da Silva et al. 2005) and their associated
biota (Blaustein & Dobson 2006; Peloso 2010), collaborative work to describe tropical
biodiversity is urgently necessary before it goes extinct. Furthering our understanding of species
boundaries is crucial for the effective conservation of biodiversity. With amphibians
experiencing a global decline (Houlahan et al. 2000; Alford et al. 2007), especially in the tropics,
we may be losing far more species than we presently realize. Molecular data can be a vital first
step to evaluate regional amphibian biodiversity while it is still present and to guide future
conservation management plans.
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CHAPTER IV
EXAMINING THE IMPACT OF CLIMATE CHANGE ON AMPHIBIANS OF THE
GUIANA SHIELD USING STACKED SPECIES DISTRIBUTION MODE
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INTRODUCTION
Global conservation efforts are often prioritized on the basis of endemism and species richness.
An area of endemism is generally defined as one where two or more species exhibit spatial
congruence and are limited by barriers (Torres-Miranda et al. 2013). While species’ distributions
need to share spatial congruence within the defined area of endemism, a complete overlap of
their distribution outside these areas is not required (Morrone 1994; Hausdorf 2002). Ecological
requirements and dispersal ability differ among taxonomic groups that may prevent complete
distributional overlap, even among closely related taxa. As a result, it is important that areas of
endemism are accurately delimited to best understand the historical processes that influenced the
composition and distribution of the biota and ensure that diverse yet poorly known areas are not
excluded (Harold & Mooi 1994). Regions with high concentrations of endemic species hold
great value for conservation planners, allowing regions to be delimited into “biodiversity
hotspots” harboring irreplaceable, unique biodiversity, and for directing targeted investment for
conservation support.
Common biogeographical barriers such as mountains (Müller 1973) or rivers (Cracraft
1985; Haffer 1978) can produce a spatial congruence in the distribution of biota, effectively
delineating areas of endemism. Rivers have historically been used to characterize the geographic
regionalization of much of Amazonia. Based on observations of primate distributions, Wallace
initially proposed four separate biogeographic districts, delimited from one another by large
rivers (Wallace 1852). Following bird distribution data, Haffer identified four “centers of
distribution,” implicating large rivers as dispersal barriers, subsequently influencing present
distribution patterns (Haffer 1969). Utilizing continental avifaunal distribution data, Cracraft
(1985) suggested that 33 areas of endemism are present in South America. These “Areas of

167

Endemism” are continuous biogeographic units, also delimited by large rivers, purportedly
harboring unique, endemic birds. To date, Cracraft’s areas of endemism are still widely accepted.
Among these, the Pantepui Center (subdivided into the Gran Sabana and Duida Subcenters),
Imeri Center, and Guyanan Center fall within the geologically-defined boundaries of the Guiana
Shield (GS; Figure 1).

Figure 1. Areas of endemism in the Guiana Shield. The four currently accepted Areas of
Endemism classification of the Guiana Shield, depicted here, as proposed by Cracraft (1985): (1)
Imeri Center, (2) Pantepui Duida Center, (3) Pantepui Gran Sabana Center, and (4) Guyanan
Center.
The GS region is one of the most pristine tropical landscapes and among the richest in
species number of any region on Earth. As delimited by Hoogmoed (1979), the region spans the
whole of Guyana, Suriname, French Guiana, as well as southeastern Venezuela, northern Brazil,
and a portion of eastern Colombia. The Atlantic Ocean and major rivers provide the main
boundaries, with the Orinoco River to the north and west, the Rio Negro to the west, and the
Amazon River to the south. The region contains a heterogeneous landscape consisting of lowland
168

rainforest, savannas, rivers, mountains, and a vast network of flat top mountains in the highlands
called tepuis. It is a geologically and biologically distinct region supporting a diverse biota
(Señaris & MacCulloch 2005). Targeted conservation efforts in the form of protected areas
varies according to country. For example, approximately 53% of French Guiana is afforded
protected status, with 40% of the country covered by the Amazonian Park of Guyana, one of the
largest national parks in the world. Conversely, Guyana’s five protected areas only cover 8.7%
of the total land area (UNEP-WCMC & IUCN, 2018).
The GS herpetofauna represents the most poorly known vertebrate group for the region.
The known species of birds and mammals in the GS has likely reached a more stable level than it
has for the herpetofauna, which has been suggested to remain vastly underestimated (Fouquet et
al. 2007a). Previous checklists of the GS herpetofauna have recorded 269 species of amphibians
and 295 species of reptiles, while estimating that 145 amphibians and 88 reptiles were endemic
to the region (Señaris & MacCulloch 2005; Ávila-Pires 2005). As knowledge of the GS
herpetofauna has increased in the last decade, the number of species (both widespread and
regionally endemic) has changed as a result of discovery, updated identification, new
distributional data, and molecular analyses. Amphibians are excellent models for exploring
patterns of species richness and endemism because their unique life-history traits, such as general
philopatry and low vagililty (Duellman 1982; Beebee 1996), often confine them to small ranges.
The Pantepui region has long been identified as an area of high endemism. Approximately
60% of vascular plants and 87% of anurans are endemic to the region, with many species only
occurring on a single tepui (Berry & Riina 2005; McDiarmid & Donnelly 2005). Taxa were once
believed to have evolved in complete isolation since the formation of the tepuis 60-90 MYA with
each summit harboring its own endemic flora and fauna, the key principle of the Plateau theory,
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or Lost World Hypothesis (Mayr & Phelps 1967). However, evidence from recent
phylogeographic and biogeographic analyses have refuted this theory, indicating that the gene
flow between tepui summit taxa was maintained until recently (Kok et al. 2012). Rather than
originating on tepui summits, many taxa dispersed into the region from the surrounding lowlands
(Givnish et al. 2000; Salerno et al. 2012, 2015), or the Andes (Bonaccorso & Guayasamin 2013),
and diversified during the Pleistocene (Kok et al. 2012). Recent phylogeographic investigations
into the biota of the eastern GS, which consists of lowland rainforest, a network of upland
regions, and patchy savanna habitats, have also uncovered high levels of cryptic diversity, with
local endemism in many anuran lineages (Fouquet et al. 2007; 2012a, 2016; Vacher et al. 2017).
Increasing evidence has also indicated that the coastal region of French Guiana has acted as a
“cradle” for biodiversity for the eastern GS region (Noonan & Gaucher 2006; Fouquet et al.
2012a).
Due to large tracts of the GS remaining biologically unexplored, species distribution
models (SDMs) can be valuable to identify and delimit areas of endemism and predict additional
areas not yet surveyed. These models incorporate information about environmental variables and
altitude from species detection locations within a landscape under study where a species is
present in order to estimate the association between a species and its environment and predict a
distribution (Guisan & Thuiller 2005). Although these models cannot account for certain factors
such as an organism’s ability to adapt to new conditions, they have still proved to be very
valuable for many applications. They have successfully been used to identify regional
biodiversity hotspots (Mirzaei et al. 2017), determine areas with undescribed endemic species
(Raxworthy et al. 2003), predict the spread of zoonotic diseases (Domşa et al. 2016), study the
possible impact of climate change (Wiens et al. 2009), and prioritize biodiversity conservation
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efforts (Pyke et al. 2005). Stacked species distribution models (SSDMs), which combine
multiple individual species distribution models to produce community-level models, hold great
promise for strategic conservation planning (Ferrier & Guisan 2006). SSDMs have strength over
other methods such as point-to-grid maps and macroecological models (MEMs) in that they are
able to predict species assemblages (Schmitt et al. 2017). As many conservation initiatives are
moving from a species-specific approach towards a region or habitat specific approach, targeting
areas that support high richness and endemism is important for the maintenance of biodiversity.
A greater understanding of the regional areas of species diversity and endemism in the GS
is vital for forest planning and management, resource extraction, and identifying key areas for
conservation. In this study, we compiled an extensive dataset of amphibian occurrence records
throughout the GS, and together with a set of abiotic variables explore the distribution of local
species richness and endemism in anurans (frogs and toads). We generated stacked species
distribution models (SSDMs) for anurans under past ,current, and future climatic conditions and
examine how regions of predicted high species richness and endemism correspond to the current
protected area network in the GS.
METHODS
Focal Species and locality records:
We focused our analysis on the forest and forest edge dwelling species of anurans of the
GS, including both terrestrial and arboreal species. Anurans are a good model system to identify
historical patterns due to limited dispersal capability and the fact that they often display high
philopatry to natal sites (Beebee 1996), which leads to localized isolation and differentiation. For
certain taxa we included confirmed candidate species resulting from recent genetic,
morphological, and/or acoustic analyses as these represent distinct evolutionary lineages
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(Fouquet et al. 2012a, 2016; Vacher et al. 2017). Because there is significant genetic evidence
indicating that these lineages are very likely new species, we opted to include them in the
analyses as they help elucidate general patterns, particularly in the eastern GS.
We compiled a comprehensive list of geo-referenced specimens from the Global
Biodiversity Information Facility (www.gbif.org/) and the VertNet Portal (www.vertnet.org).
Occurrences were removed if they were flagged as invalid or had doubtful coordinates, taxon
assignment, or mismatching country. We further supplemented the list of geo-referenced
specimens with a comprehensive search of literature records and also included new locality
records compiled by AMS and BPN during survey work throughout the study area.
Environmental Data Layers
We used the WorldClim (http://www.worldclim.org/) dataset as the abiotic variables
(Table 1) to characterize the ecological niche and geographic distribution of the niche for each
species (Hijmans et al. 2005). Based on weather station data from 1950 to 2000, this dataset
includes 19 bioclimatic variables covering the variation in monthly, quarterly and yearly
measures of temperature and precipitation. We used 19 bioclimatic and elevation layers from
current, past (last glacial maximum - 22,000 years ago) and future (2070 using a pessimistic
scenario for an increase in greenhouse gas, with a representative concentration pathway of 8.5)
extracted from WorldClim with a spatial resolution of 2.5 min (approximately 5 km2). We used
past and future climatic layers based on Community Climate System Model (CCSM4)
http://www.cesm.ucar.edu (Hijmans et al. 2005). We tested for multicolinearity between our
variables in past, current and future predictions using the variance inflation factor (VIF) which
excludes highly correlated variables by performing a stepwise approach (Dormann et al. 2012,
Naimi et al 2014) (Table 1). Because many environmental variables can be tightly correlated,
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this removes redundant data associated with all available climate variables. Following Schmitt et
al. (2017), variable correlation was assessed for the studied area for each historical scenario.
To focus on the GS, we considered a mask extending from latitude 5ºS to 12ºN and longitude
72ºW to 46ºW.
Table 1. Environmental variables evaluated by variance inflation factor.
Following VIF, the inclusion of climatic variables is denoted as Last Glacial Maximum (L),
Present (P), Future (F), all scenarios (A).
Environmental Variable
Scenarios
Bio2 Mean Diurnal Range (Mean of monthly (max temp - min
L, P
temp)
Bio3 Isothermality (BIO2/BIO7) (* 100)
F
Bio4 Temperature Seasonality (standard deviation *100)
L, P
Bio5 Max Temperature of Warmest Month
L
Bio7 Temperature Annual Range (BIO5-BIO6)
F
Bio13 Precipitation of Wettest Month
L, P
Bio14 Precipitation of Driest Month
L
Bio18 Precipitation of Warmest Quarter
A
Bio19 Precipitation of Coldest Quarter
A
Alt
Altitude
A

Stacked Species Distribution Modeling:
In order to generate stacked SDMs, we selected amphibian species occurring throughout
the GS, including both widespread and endemic species. Stacked Species Distribution Models
(SDM) were generated using the “SSDM” software package (Schmitt et al. 2017) implemented
in R (R Core Team, 2016). In order to reduce the effect of sampling bias from opportunistic
sampling occurrence collection records on SDM outcomes, the occurrences for each species
were randomized by geographic resampling with a resampling grid coefficient of five. This
resulted in 1911 entries representing 111 species (Supplementary Table 4, Appendix).
For each species, individual species distribution models were generated using the
maximum entropy algorithm, which uses the environmental characteristics of areas from known
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species records to predict potential areas of occurrence based on the most significant
environmental conditions (Phillips et al. 2004, 2006, 2008). MaxEnt uses a machine-learning
method to estimate species distribution based on the predictions from incomplete data by
estimating the most uniformly distributed “maximum entropy” of sampling points compared to
background locations based on data derived constraints. MaxEnt efficiently handles interactions
between response and predictor variables to yield robust predictions and has been shown to
perform well with small sample sizes (Pearson et al. 2007; Wisz 2008), narrowly endemic
species (Rinnhofer et al. 2012), and as a habitat suitability index (Latif et al. 2015)
We used the area under the receiver-operator characteristic curve (AUC; Manel et al.
2001) as a threshold method for model evaluation, which is used to evaluate distribution model
statistically based on presence-absence algorithms, and is commonly used to assess ecological
niche modeling (Baldwin 2009; Moreno et al. 2011; Wang et al. 2017; but see Lobo et al. 2008).
AUC is based on the probability that a presence location selected at random is ranked higher than
a randomly selected background point, and ranks on a 0-1 scale with AUC = 0.5 representing
random chance and values above 0.5 indicating higher predictive power. Generally, AUC values
>0.7 represent useful model performance, values >0.8 represent good model performance, and
values ≥0.9 indicate excellent model performance (Manel et al. 2001). To generate pseudoabsences, we used 80% of the presence data for training data and 20% for model testing (Fand et
al. 2014), and repeated the process for 10 cross-validation repetitions. For inclusion into the final
SSDM for each historical scenario, a minimum threshold AUC score of .70 was applied for
individual species SDMs.
Two measures of the quantifying the relative contribution of environmental variables are
calculated for each species, one measure based on jackknife approach (Phillips et al. 2006) and
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the other based on Pearson’s correlation coefficient (Thuiller et al. 2009). Both measures
evaluate the change in accuracy between the full model and one where each environmental
variable is omitted in turn. For the generation of the SSDM in the “SSDM” package, these
measures are averaged (Schmitt et al. 2017).
In order to generate the final SSDMs, we used the pSSDM diversity mapping stacking
method, which sums probabilities of habitat suitability maps generated for each species (Mateo
et al. 2012; Schmidt-Lebuhn et al. 2012; Pouteau et al. 2015). This output provides a map
predicting amphibian species richness throughout the GS for each historical scenario. The final
endemism maps were generated using the weighted endemism index, which counts species
within each cell and subsequently weighting each species by the inverse of its predicted range
(Crisp et al. 2001). The WEI map predicts how the level of endemism of GS amphibians is been
spatially organized for each historical scenario.

RESULTS
We compiled a total of 2018 locality records for 111 anuran species. Following
geographic resampling to remove records to reduce the effect of sampling bias, our species
richness and endemism maps were generated using 1911 entries. After removing the highly
correlated variables within each historical scenario (Table 1), the final set contained nine
bioclimatic variables including mean diurnal range, isothermality, temperature seasonality,
maximum temperature of the warmest month, temperature annual range, precipitation of wettest
and driest month, precipitation of warmest and coldest quarter, as well as altitude. With the
averaged jackknife analysis and Pearson’s correlation coefficient, the relative contribution of
each environmental variable for each historical climatic scenario was determined (Table 2). For
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each historical scenario, no single environmental variable contributed a significant amount to the
SSDMs than any other variable.

Table 2. Variable Contribution Summary. Summary of variable contribution to model fits for
stacked species distribution models of Guiana Shield amphibians. Variable contribution for
individual species distribution models were averaged across all species.
Predictor
Past
Present
Future
Variable
Variable
Variable
Contribution (%) Contribution (%) Contribution (%)
Alt
Bio2
Bio3
Bio4
Bio5
Bio7
Bio13
Bio14
Bio18
Bio19

12.3817
12.2368
11.8156
12.5834
12.9652
12.2160
12.9018
12.8996

15.5941
15.2557
17.8717
17.0536
17.3194
16.9056

16.1536
16.0284
16.4668
16.4576
17.6875
17.2061
-

Species distribution models were effective at predicting individual species distributions
across each historical scenario. Average AUC scores for individual species under all climatic
conditions were on the high end of good model performance (past = .88, present = .89, future,
=.89). Cohen’s kappa coefficient of agreement (Titus et al. 1984), a reliable performance
measure of presence/absence models, indicated for reliable model performance for each SSDM
(all SSDMs k = .998).
The predictions from SSDMs across historical scenarios across the GS showed an
eastward expansion of areas with high species richness from past to present conditions. The
eastward movement of high species richness continues into the future, where a divide begins to
split the eastern GS from the western GS (Figure 1). Across all historical scenarios, areas of high
endemism remain concentrated around the Guiana Highlands, where they undergo periods of
176

expansion and contraction (Figure 2). While many protected areas exist throughout the Guiana
Shield, our SSDMs indicate that much area harboring high amphibian species richness currently
and into the future do not fall within their extent.
DISCUSSION
While ecological niche and species distribution modeling methods may have limitations
(Davis et al. 2014), they still provide great value for identifying possible refugia areas (Carnaval
and Moritz, 2008), areas of species’ range expansions and contractions (Castellanos-Morales et
al. 2016), and locations of suitable habitat where new populations may exist (Rhoden et al.
2017). The effectiveness of SDMs can be strengthened when evaluated with independent
analyses such as statistical phylogeography to provide simultaneously independent evidence
(Castellanos-Morales et al. 2016). While our focus was to generate predictions of GS amphibian
species richness and the spatial organization of endemism, our SSDM results are discussed in the
context of previous phylogeographic investigations.
Species Richness
The SSDMs indicate a shift in the spatial distribution of both species richness and
endemism between all historical scenarios. During the Last Glacial Maximum the areas predicted
to harbor the highest species richness occur through much of north-central Guyana above the
North Rupununi Savannahs (excluding the coastal region), the tepuis of the eastern Guiana
Highlands in Venezuela, with isolated pockets corresponding to the inselbergs of central
Suriname and French Guiana, as well as an isolated patch in the Pará region of Brazil just north
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Figure 2. Species richness from stacked species distribution models. Estimates of species
richness of Guiana Shield amphibians from stacked species distribution models under past,
present, and future environmental conditions.
of the Amazon River. The areas supporting medium levels of species richness are predicted to
occur surrounding the regions of highest species richness and extending more broadly across
central Suriname into central and northern French Guiana (Figure 1). Supporting our models,
previous reconstructions based on the distribution of vegetational zones within Pantepui under
LGM climatic conditions indicate that, ecologically, the “tepui” regions were larger, with
suitable habitat connecting the whole upland and Eastern massifs (Rödder et al. 2009).
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Our model predicts an expansion of regions supporting the highest species richness
predominantly across the interior of the GS lowlands during current conditions. The highest
species richness occurs in central Guyana extending north to the Atlantic coast, patchily
throughout Suriname, and across northern French Guiana. These areas are surrounded by regions
supporting a range between medium and high species richness, including all of Suriname. While
a few isolated tepuis in the Guiana Highlands still indicate high species richness, the current
model predicts greater isolation among the areas of highest elevation.
Due to glacial oscillations during the Quaternary, suitable habitat for GS amphibians
would have shifted in response to favorable climatic conditions. This is supported by the genetic
homogeneity of widespread amphibians across the eastern GS (Noonan & Gaucher 2005,
Fouquet et al. 2012a). Genetic evidence from the western GS endemic genus Stefania indicates
several dispersal events occurred downwards from the highlands into the surrounding uplands,
with recent dispersal events possibly corresponding to Pleistocene glacial-interglacial cycles and
environmental instability (Gibbard & van Kolfshoten 2004; Kok et al. 2016). Low levels of
genetic divergence were also recovered in Tepuihyla and Oreophrynella species which persist on
many tepui summits, but not in the intervening lowlands, which is consistent with hypotheses of
Pleistocene glacial fluctuations causing vertical displacement and reorganization of tepui biota
(Rull 2004a; Rull & Nogué 2007; Salerno et al. 2012, 2015; Kok et al. 2016). It is reasonable
that locations supporting the greatest species richness were likely similar to our LGM and
Present models during the oscillating climatic cycles throughout the Pleistocene.
In the future scenario, there is further rearrangement of the areas of highest predicted
amphibian species richness. In this scenario, the highest species richness occurs in the northeastern portion of Guyana and expands across a greater extent of the Guiana Highlands of
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eastern Venezuela, appearing to connect formerly isolated tepuis. A patchy band of high species
richness extends across central Suriname, transitioning into a consistent block in central and
northern French Guiana, and further across much of northern Amapá, Brazil. Whereas during
past and current conditions, high species richness extended between eastern-central Guyana and
western Suriname, a distinct divide between these regions exists under the future scenario.
Regarding the expansion of the high species richness areas into the Guiana Highlands, it
is prudent to comment that this is likely not the result of greater presence of highland adapted
species, but rather amphibians from the uplands and lowlands colonizing higher elevations in
response to rising temperatures. Other Pantepui biodiversity models with vascular flora predict
that future global warming could reduce suitable habitat in the Pantepui by 70-90% and threatens
80% of species with extinction due to habitat loss as species can not continue vertical migrations
once already on tepui summits (Nogué et al. 2009).
Areas of Endemism:
For all modeling scenarios, most of the areas of high potential endemism are dispersed
throughout the tepuis of the Guiana Highlands (Figure 2). During the LGM, the greatest extent
for the region predicted to have the highest richness in endemic species was in western Guyana
at the upland/highland transition of the Pakaraima Mountains, which is separated from isolated
pockets of predicted high endemism in the eastern massif of the Guiana Highlands. During
present conditions, areas with the highest predicted endemic species richness spread out. While
still occurring in western Guyana, they also encompass more isolated tepuis in the eastern and
western massifs of the Guiana Highlands. Additionally, a new area of endemism appears in the
coastal region of central Guyana, and a small region supporting moderate endemic species
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Figure 3. Weighted Endemism from stacked species distribution models. Weighted
endemism maps of Guiana Shield amphibians under past, present, and future environmental
conditions from stacked species distribution models.
richness appears in the coastal region of French Guiana. Under the future climatic scenario, the
small area of endemism in French Guiana disappears and the coastal region in Guyana greatly
diminishes. In the Guiana Highlands, our SSDM indicates an expansion of the area of high
endemic species richness in the eastern massif as well as in the southern portion of the western
massif. Similar to the SSDM for species richness under future climatic scenarios, the expanded
region in the eastern massif is likely best explained by the influx of upland species due to
changing conditions.
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Compared to the LGM and future weighted endemism models, the weighted endemism
model based on current conditions displays higher and greater consistency of predicted endemic
species richness throughout the eastern GS, although still low (Figure 2). This is notable as
recent research has been uncovering new species of eastern GS endemic amphibians, indicating
endemic species in this region are underestimated (Fouquet et al. 2012a, 2016; Vacher et al.
2017).
Due to the global uniqueness of the Guiana Highlands, it has been of great interest to
herpetologists. As areas have become increasingly accessible, many endemic species have been
found, with many having remarkably restricted ranges, often confined to a single tepui. As a
result, several genera containing known highland endemics (e.g. Anomaloglossus, Ceuthomantis,
Myersiohyla, Oreophrynella, Pristimantis, Stefania, Tepuihyla) had species excluded from this
study because of too few locality points. Similarly, despite the number of known endemic
species to the eastern GS region rising, many newly described species lack enough unique
locality points to be included in SSDMs. As a result, relative to the eastern GS, a
disproportionate number of highland endemic species were included in our models, possibly
biasing our results.
Stable areas through time
Although the SSDMs through all scenarios display variability in the extent and location
of high species richness and endemism, there are several core areas repeatedly recovered across
scenarios indicating medium to high richness and/or endemism. In the eastern GS, one area
occurs in east-central Suriname and includes the Central Suriname Nature Reserve, a UNESCO
heritage site. A second region occurs in north-central French Guiana. Interestingly, this
corroborates previous phylogeographic investigations that identified this area as a distinct biotic
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region and possible “cradle of diversity” in the eastern GS (Noonan & Gaucher 2005, 2006;
Fouquet et al. 2012a).
The third location occurs in west and central Guyana at the foothills of the Pakaraima
Mountains and extends into the eastern Guiana Highlands. This region represents an important
transition zone between lowland and highland habitats and supports a mix of highland, upland,
and lowland species. Even if the regions in the eastern Guiana Highlands that appear to support
the greatest species diversity and endemism through time are a result of upward migration of
upland/lowland taxa as previously suggested, this still indicates this area is vital for the
maintenance of GS amphibian diversity in light of future climate change, even if it results in the
extinction of many highland species.
Protected Areas and the future of GS amphibians
A network of protected areas currently spans throughout the GS. Certain countries have
an extensive number of protected areas that cover large expanses of their total land areas. In
Venezuela, for example, protected areas presently cover roughly 54.1% of the country (including
regions outside the boundaries of the GS), while other countries like Suriname and Guyana have
dramatically less coverage (14.5% and 8.7% respectively; UNEP-WCMC and IUCN, 2018).
Modeling can be a cost-effective tool for identifying new regions to prioritize for conservation
efforts, especially for safeguarding areas of endemism.
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Figure 4. Species richness and weighted endemism maps overlaid with protected areas.
Species richness and weighted endemism maps of Guiana Shield amphibians under past, present,
and future environmental conditions from stacked species distribution models overlaid with
protected areas.
Much of the Guiana Highlands, which harbors a mix of endemic highland species and
several upland species included in our study, fall within the boundaries of protected areas (Figure
3). National parks include Canaima National Park, Duida-Marahuaca National Park, ParimaTapirapeco National Park, Serranía de la Neblina National Park, Yapacana National Park, Monte
Roraima National Park, and Pico de Neblina National Park. The inaccesibility of the region has
largely protected this region from significant commercial exploitation (Huber 1995a), though
road-building into the interior region has spread agricultural developments as well as both legal
and illegal mining.
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Across the eastern GS, protected areas are much more sparsely situated. Several protected
areas span the coastlines, as they are important egg-deposition sites for various species of sea
turtles, but predominantly fall out of the range of endemic amphibians. Presently, many protected
areas that include at least portions of the predicted areas suitable for endemic species include the
Kanuku Mountains Protected Area, Central Suriname Nature Reserve, Guiana Amazonian Park,
Nouragues Nature Reserve, and the Tumucumaque Mountains National Park (Figure 3).
While many of these protected areas presently cover important portions that we have
recovered as important for GS amphibians, it is important to consider that the predictions are
uninfluenced by current patterns of land-use. The GS is an incredibly resource-rich area and
human activities pose the largest threat to the long-term maintenance of the region’s biodiversity.
Because amphibians, especially endemic species, often have narrow ranges, illegal or even
poorly managed activities such as logging, mining, and agricultural encroachment can extirpate
species. The tropical forests of the GS are more affected by gold mining than anywhere else in
South America and have experienced an exponential increase in deforestation over the last two
decades (Dezécache et al. 2017). These practices not only denude portions of the landscape but
also toxify the water systems, being especially dangerous to amphibians who rely on both
terrestrial and aquatic habitats (Markham 2017).
The lack of proper management of human activities in conjunction with pessimistic
future climate change scenarios indicate a grim situation for GS amphibians, as large portions of
core regions with high species richness and endemism remain unprotected. The region of high
species richness and endemism extending from the foothills and highlands of the Pakaraima
Mountains in west Guyana to northern Guyana strongly overlaps with forestry concessions and
mining operations (Bicknell et al. 2017). Additionally, the high species richness region in
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central-northern French Guiana has only recently been identified as a biogeographically unique
region, acting as a refugium during the Pleistocene (Fouquet et al. 2012a). Presently, only a
small portion of this region falls under protected area boundaries. If continued degradation of
these key areas continues to occur unabated, it will lead to catastrophic losses of species
diversity.
The future scenario also indicates a distinct divide in high species richness areas between
western Guyana and the eastern GS, which may result in the isolation of species that once
extended across this continuum. Across Suriname, the extent of higher species richness narrows
into a central corridor. As species continue to migrate into the Guiana Highlands, which may
explain the increased extent high species richness in the future, greater geographic overlap
between previously isolated species may occur, resulting in hybridization between congeners.
This poses a major threat for endemic species because hybridization may drive these taxa to
extinction through genetic swamping whereby the endemic forms are replaced by hybrids
(Todesco et al. 2016). The same situation applies to central Suriname to as species associated
with certain inselbergs may overlap following constriction of suitable habitat. Conversely,
localized extinction may occur if species are isolated from suitable areas by inhospitable
lowlands, highlighting a major consequence of the biological impacts of climate change,
especially within species with ranges confined to higher elevations.
The current network of protected areas includes a strong representation of the different
habitats that occur throughout the GS. The majority of presently known amphibians have at least
part of their distribution within a protected area. When effectively managed, protected areas offer
a stronghold of vital habitat. The generation of additional, well-managed protected areas in areas
already known for their biological significance (e.g. northern French Guiana) and in areas that
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are predicted to act as corridors of suitable habitat (e.g. eastern Suriname), represents an
important step to safeguard the GS’s amphibians into the future.
Our study lays the groundwork for further investigation into the distributions of endemic
amphibians in the GS. We show the utility of using species distribution modeling across a broad,
heterogeneous region that indicates broad regions possibly harboring other undescribed endemic
amphibians, and warranting future prioritized focus. Additionally, we identified core regions that
appear impervious to changes in climate and others that will be dramatically affected by these
changes. The regions that currently fall out of the boundaries of protected areas that are predicted
to maintain high species richness throughout future climate change urgently require protection
before anthropogenic impacts weaken their resilience.
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Supplementary Table 1. Amphibian voucher specimens. Voucher list of amphibians from
Dadanawa Ranch, Kanuku Mountains, and Yupukari Village with geographic coordinates.
Taxon
Voucher
Latitude
Longitude
AMPHIBIA
ANURA
Allophrynidae
Allophryne ruthveni
CAS257677
03°12.37’N 059°24.33’W
CAS257705
03°19.08’N 059°19.80’W
CAS257706
03°19.08’N 059°19.80’W
USNM588738 03°20.88’N 059°16.55’W
USNM588739 03°20.88’N 059°16.55’W
USNM588740 03°20.88’N 059°16.55’W
USNM588741 03°20.88’N 059°16.55’W
Bufonidae
Atelopus hoogmoedi
CAS257643
03°20.88’N 059°16.55’W
CAS257644
03°20.88’N 059°16.55’W
Rhinella marina
CAS257748
03°11.63’N 059°23.70’W
USNM589000 02°49.47’N 059°31.57’W
USNM589001 02°49.47’N 059°31.57’W
USNM589002 02°49.47’N 059°31.57’W
USNM589003 03°12.33’N 059°24.33’W
USNM589004 03°12.33’N 059°24.33’W
Rhinella martyi
CAS257704
03°19.08’N 059°19.80’W
USNM588724 03°20.88’N 059°16.55’W
Dendrobatidae
Ameerega trivittata
CAS257693
03°13.08’N 059°24.81’W
CAS257729
03°11.63’N 059°23.70’W
CAS257730
03°11.63’N 059°23.70’W
Hylidae
Boana boans
CAS257719
03°19.08’N 059°19.80’W
USNM588659 03°20.88’N 059°16.55’W
USNM588660 03°20.88’N 059°16.55’W
USNM588971 03°12.33’N 059°24.33’W
USNM588972 03°12.33’N 059°24.33’W
USNM588973 03°12.33’N 059°24.33’W
USNM588974 03°12.33’N 059°24.33’W
USNM588975 03°12.33’N 059°24.33’W
USNM588976 03°12.33’N 059°24.33’W
USNM588977 03°12.33’N 059°24.33’W
USNM588978 03°12.33’N 059°24.33’W
USNM588979 03°12.33’N 059°24.33’W
USNM588980 03°12.33’N 059°24.33’W
USNM588981 03°12.33’N 059°24.33’W
USNM588982 03°12.33’N 059°24.33’W
Boana calcarata
USNM588661 03°20.88’N 059°16.55’W
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Boana cinerascens
Boana fasciata

Boana xerophylla

Dendropsophus leucophyllatus

Dendropsophus minusculus
Lysapsus laevis

CAS257720
CAS257721
CAS257722
CAS257723
CAS257724
CAS257725
CAS257726
CAS257727
CAS25745
USNM588665
USNM588666
USNM588667
USNM588668
USNM588669
USNM588670
USNM588671
USNM588672
USNM588673
USNM588674
CAS257645
USNM588983
USNM588984
USNM588985
USNM588986
CAS257765
CAS257766
CAS257767
CAS257768
CAS257769
CAS257770
CAS257771
CAS257772
CAS257746
CAS257747
CAS257655
CAS257656
CAS257657
CAS257659
CAS257660
CAS257661
CAS257662
CAS257663
CAS257664
CAS257665
CAS257666
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03°18.35’N
03°18.35’N
03°18.35’N
03°18.35’N
03°18.35’N
03°18.35’N
03°18.35’N
03°18.35’N
03°10.84’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°10.74’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°10.84’N
03°10.84’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N

059°19.44’W
059°19.44’W
059°19.44’W
059°19.44’W
059°19.44’W
059°19.44’W
059°19.44’W
059°19.44’W
059°25.32’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°25.13’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°20.26’W
059°20.26’W
059°20.26’W
059°20.26’W
059°20.26’W
059°20.26’W
059°20.26’W
059°20.26’W
059°25.32’W
059°25.32’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W

Osteocephalus leprieurii

Phyllomedusa bicolor

Scinax nebulosus
Scinax sp. 1

Scinax x-signatus
Leptodactylidae
Adenomera andreae

Leptodactylus fuscus

CAS257667
USNM588987
USNM588988
USNM588989
USNM588990
USNM588991
USNM588992
USNM588993
USNM588994
USNM588995
USNM588996
CAS257708
CAS257709
CAS257752
CAS257753
USNM588684
USNM588685
USNM588686
USNM588687
USNM588688
CAS257760
CAS257761
USNM588712
USNM588713
USNM588999
USNM588997
USNM588998
CAS257763
USNM588708
USNM588709
USNM588710
USNM588711
CAS257646

03°10.74’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°20.88’N
03°20.88’N
03°20.88’N
03°22.88’N
03°22.88’N
03°19.08’N
03°19.08’N
03°20.88’N
03°20.88’N
03°12.33’N
02°49.47’N
02°49.47’N
03°19.08’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°10.74’N

059°25.13’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°19.80’W
059°19.80’W
059°20.26’W
059°20.26’W
059°16.55’W
059°16.55’W
059°16.55’W
059°18.86’W
059°18.86’W
059°20.26’W
059°20.26’W
059°16.55’W
059°16.55’W
059°24.33’W
059°31.57’W
059°31.57’W
059°20.26’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°25.13’W

CAS257636
CAS257674
CAS257675
CAS257676
CAS257647
CAS257648
CAS257649
CAS257650
CAS257651
CAS257652
CAS257653

03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N
03°10.74’N

059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
059°25.13’W
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Leptodactylus guianensis

Leptodactylus knudseni

CAS257654
CAS257668
USNM588748
USNM588749
USNM588750
USNM589005
USNM589006
USNM589007
USNM589008
USNM589009
USNM589010
USNM589011
USNM589012
USNM589013
USNM589014
USNM589015
USNM589016
USNM589017
USNM589018
USNM589019
USNM589020
USNM589021
USNM589022
USNM589023
CAS257669
CAS257762
USNM588751
USNM588752
USNM588753
USNM588755
USNM588756
USNM589024
USNM589025
USNM589026
USNM589027
USNM589028
USNM589029
USNM589030
USNM589031
USNM589032
USNM589033
USNM589034
CAS257672
CAS257673
CAS257707
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03°10.74’N
03°10.74’N
03°39.69’N
03°39.69’N
03°39.69’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
03°12.33’N
03°12.37’N
03°19.08’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
02°49.47’N
02°49.47’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.37’N
03°12.37’N
03°19.08’N

059°25.13’W
059°25.13’W
059°21.17’W
059°21.17’W
059°21.17’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°24.33’W
059°24.33’W
059°20.26’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°31.57’W
059°31.57’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°19.80’W

Leptodactylus macrosternum

Leptodactylus myersi

Leptodactylus mystaceus

CAS257718
CAS257728
CAS257732
CAS257733
CAS257734
USNM588757
USNM588758
USNM588759
USNM589035
USNM589036
USNM589037
USNM589038
USNM589039
USNM589040
USNM589041
USNM589042
USNM589043
CAS257634
CAS257635
CAS257670
CAS257694
CAS257741
CAS257754
USNM588763
USNM588764
CAS257630
CAS257631
CAS257632
CAS257633
CAS257671
CAS257678
CAS257679
CAS257680
CAS257695
CAS257696
CAS257710
CAS257711
CAS257712
CAS257713
CAS257714
CAS257715
CAS257735
CAS257736
CAS257742
CAS257743
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03°19.08’N
03°19.08’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°12.33’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
02°49.47’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°10.74’N
03°19.08’N
03°20.88’N
03°20.88’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.72’N
03°12.84’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°19.08’N
03°20.88’N
03°20.88’N
03°10.74’N
03°10.74’N

059°19.80’W
059°19.80’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°24.33’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°31.57’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°25.13’W
059°20.26’W
059°16.55’W
059°16.55’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.50’W
059°24.65’W
059°19.80’W
059°19.80’W
059°19.80’W
059°19.80’W
059°19.80’W
059°19.80’W
059°16.55’W
059°16.55’W
059°25.13’W
059°25.13’W

Leptodactylus petersii

Leptodactylus validus
Lithodytes lineatus
Physalaemus cuvieri

Pleurodema brachyops
Microhylidae
Chiasmocleis shudikarensis
Ctenophryne geayi
Elachistocleis surinamensis

CAS257764
USNM588765
USNM588766
USNM588767
USNM588768
USNM588769
USNM588770
USNM588771
USNM589044
USNM589045
USNM589046
USNM589047
CAS257701
CAS257702
CAS257703
USNM589048
USNM589049
USNM589050
USNM589051
USNM589052
USNM589053
USNM589054
USNM589055
USNM588785
USNM588786
CAS257687
CAS257697
CAS257698
CAS257699
CAS257700
CAS257731
CAS257744
USNM588745
USNM588746
USNM588747

03°19.08’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.93’N
03°12.93’N
03°12.93’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°12.33’N
03°39.69’N
03°39.69’N
03°19.08’N
03°12.93’N
03°12.93’N
03°12.93’N
03°12.93’N
03°20.88’N
03°10.74’N
03°39.69’N
03°39.69’N
03°39.69’N

059°20.26’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.80’W
059°24.80’W
059°24.80’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°21.17’W
059°21.17’W
059°19.80’W
059°24.80’W
059°24.80’W
059°24.80’W
059°24.80’W
059°16.55’W
059°25.13’W
059°21.17’W
059°21.17’W
059°21.17’W

USNM588788
USNM589056
USNM589097
CAS257681
CAS257682
CAS257683
USNM589057

03°20.88’N
03°12.33’N
03°12.33’N
03°12.37’N
03°12.37’N
03°12.37’N
03°12.33’N

059°16.55’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
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Supplementary Table 2. Reptile voucher specimens. Voucher list of reptiles from Dadanawa
Ranch, Kanuku Mountains, and Yupukari Village with geographic coordinates.
Taxon
Voucher
Latitude
Longitude
REPTILIA
SQUAMATA
Sauria
Dactyloidae
Anolis auratus
USNM588797 03°39.69'N 059°21.17'W
Anolis fuscoauratus
CAS257757
03°19.08’N 059°20.26’W
Anolis planiceps
CAS257685
03°12.37’N 059°24.33’W
CAS257688
03°19.08’N 059°19.80’W
CAS257689
03°12.37’N 059°24.33’W
CAS257717
03°18.35’N 059°19.44’ N
CAS257737
03°11.63’N 059°23.70’W
CAS257738
03°11.63’N 059°23.70’W
CAS257756
03°19.08’N 059°20.26’W
USNM588810 03°20.88’N 059°16.55’W
USNM589059 03°12.33’N 059°24.33’W
Gekkonidae
Hemidactylus mabouia
USNM589070 02°49.47’N 059°31.57’W
Hemidactylus palaichthus
USNM589071 02°49.47’N 059°31.57’W
Gymnopthalmidae
Cercosaura ocellata
CAS257642
03°12.37’N 059°24.33’W
USNM588833 03°20.88’N 059°16.55’W
USNM588834 03°20.88’N 059°16.55’W
USNM588835 03°20.88’N 059°16.55’W
Gymnophthalmus underwoodi
USNM589074 02°49.47’N 059°31.57’W
Gymnopthalmus vanzoi
USNM589075 02°49.47’N 059°31.57’W
Loxopholis guianense
CAS257691
03°12.37’N 059°24.33’W
Loxopholis percarinatum
CAS257686
03°12.37’N 059°24.33’W
CAS257758
03°19.08’N 059°20.26’W
USNM588836 03°24.04’N 059°18.69'W
USNM589076 03°12.33’N 059°24.33’W
Neusticurus bicarinatus
USNM588841 03°20.88’N 059°16.55’W
Iguanidae
Iguana iguana
USNM589058 02°49.47’N 059°31.57’W
Phyllodactylidae
Thecadactylus rapicauda
CAS257690
03°12.37’N 059°24.33’W
USNM588816 03°24.04’N 059°18.69'W
USNM588817 03°24.04’N 059°18.69'W
USNM588818 03°22.88’N 059°18.86’W
Scincidae
Copeoglossum nigropunctatum
CAS257639
03°12.37’N 059°24.33’W
USNM588842 03°20.88’N 059°16.55’W
USNM588843 03°20.88’N 059°16.55’W
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Sphaerodactylidae
Gonatodes humeralis

Pseudogonatodes guianensis
Teiidae
Ameiva ameiva
Kentropyx calcarata

Kentropyx striata
Tropiduridae
Plica umbra

USNM589077

03°12.33’N 059°24.33’W

CAS257637
CAS257638
CAS257692
CAS257739
CAS257749
USNM588823
USNM588824
USNM588825
USNM588826
USNM589072
USNM589073
CAS257640

03°12.37’N
03°12.37’N
03°12.37’N
03°11.63’N
03°10.74’N
03°20.88’N
03°20.88’N
03°20.88’N
03°20.88’N
03°12.33’N
03°12.33’N
03°12.37’N

059°24.33’W
059°24.33’W
059°24.33’W
059°23.70’W
059°25.13’W
059°16.55’W
059°16.55’W
059°16.55’W
059°16.55’W
059°24.33’W
059°24.33’W
059°24.33’W

USNM589082
USNM589083
CAS257641
CAS257684
USNM589084
USNM589085
USNM589086
USNM589087
USNM589088

03°12.33’N
03°12.33’N
03°12.37’N
03°12.37’N
03°12.33’N
03°12.33’N
03°12.33’N
02°49.47’N
02°49.47’N

059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°24.33’W
059°31.57’W
059°31.57’W

USNM588812

03°20.88’N 059°16.55’W

USNM589060
Tropidurus hispidus

Uranoscodon superciliosus

OPHIDIA
Boidae
Corallus hortulanus
Colubridae
Drymoluber dichrous
Mastigodryas boddaerti

059°24.33'W

CAS257658
USNM589061
USNM589066
USNM589067
CAS257716
USNM588813
USNM589068
USNM589069

03°12.33'N
03°10.74’N
02°49.47’N
02°49.47’N
02°49.47’N
03°20.88’N
03°20.88’N
03°12.33’N
03°12.33’N

USNM589089
USNM589090

03°12.33’N 059°24.33’W
03°12.33’N 059°24.33’W

CAS257750
USNM588853
USNM589091

03°10.74’N 059°25.13’W
03°22.88’N 059°18.86’W
03°12.33’N 059°24.33’W

Dipsadidae
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059°25.13’W
059°31.57’W
059°31.57’W
059°31.57’W
059°16.55’W
059°16.55’W
059°24.33’W
059°24.33’W

Atractus trilineatus
Erythrolamprus miliaris
Erythrolamprus poecilogyrus
Erythrolamprus reginae
Erythrolamprus typhlus
Imantodes cenchoa
Leptodeira annulata
Lygophis lineatus
Oxyrhopus melanogenys
Siphlophis compressus
Elapidae
Micrurus lemniscatus
Viperidae
Bothrops atrox
Lachesis muta
TESTUDINES
Chelidae
Mesoclemmys gibba
Platemys platycephala

CAS257740
CAS257755
CAS257773
USNM589094
USNM589216
USNM589096
USNM588866
USNM588861
USNM589092
USNM589093
USNM589094
USNM588868
USNM588874

03°18.35’N
03°19.08’N
03°10.74’N
02°49.47’N
02°49.47’N
02°49.47’N
03°20.88’N
03°20.88’N
03°12.33’N
03°12.33’N
02°49.47’N
03°20.88’N
03°20.88’N

CAS257629
USNM588879

03°12.37’N 059°24.33’W
03°20.88’N 059°16.55’W

USNM588881
USNM588882
CAS257759

03°20.88’N 059°16.55’W
03°20.88’N 059°16.55’W
03°19.08’N 059°20.26’W

USNM588885
CAS257751

03°20.88’N 059°16.55’W
03°10.84’N 059°25.32’W
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059°19.44’W
059°20.26’W
059°25.13’W
059°31.57’W
059°31.57’W
059°31.57’W
059°16.55’W
059°16.55’W
059°24.33’W
059°24.33’W
059°31.57’W
059°16.55’W
059°16.55’W

Supplementary Table 3. GenBank Accession numbers for DNA sequences used in the phylogenetic analysis. Lineage
corresponds to placement in our optimal phylogeny and assignment represents species assignment from previous studies.
Localities with an asterisk indicate coordinates estimated for purposes of general location on map only. Country abbreviations
are FG (French Guiana), E (Ecuador), G (Guyana), P (Panama), Pe (Peru), Bo (Bolivia), Br (Brazil), V (Venezuela)
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Collection / Museum number

Lineage

Assignment

Country

Localities

Lat.

Long.

104 CM
110 PG
128 BM
132 BM
1341 BPN
1342 BPN
135 BM
1350 BPN
1351 BPN
1352 BPN
1354 BPN
1356 BPN
1390 BPN
145 CM
1542 BPN
161 CM
1625 BPN
1660 BPN
1661 BPN
1663 BPN
1668 BPN
1669 BPN
1682 BPN
169 CM
1701 BPN
186 BM
211 CM
248 CM
254 CM
27 AF
286 AG
287 AG
332 CM
36 AF
4460 T
490 PG
104 PG

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2

castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
castaneotica
lescurei

FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG

Tibourou
Trois Sauts
Mataroni
Mataroni
Kaw
Kaw
Saül
Kaw
Kaw
Kaw
Kaw
Kaw
Kaw
Kaw
Kaw
Ouanary
Saül
Saül
Saül
Saül
Saül
Saül
Saül
Tibourou
Saül
Crique Grand Leblond
Montagne des Singes
Kaw
Camopi
Saül
St. Georges
St. Georges
Montagne Petite Tortue
Saül
Angoulème
Montagne Tortue
Saül

4.417
2.247
4.283
4.283
4.483
4.483
3.617
4.483
4.483
4.483
4.483
4.483
4.483
4.483
4.483
4.216
3.617
3.617
3.617
3.617
3.617
3.617
3.617
4.417
3.617
4.583
5.083
4.483
3.333
3.617
3.890
3.890
5.167
3.617
5.400
4.300
3.617

-52.300
-52.874
-52.167
-52.167
-52.033
-52.033
-53.207
-52.033
-52.033
-52.033
-52.033
-52.033
-52.033
-52.033
-52.033
-51.674
-53.200
-53.200
-53.200
-53.200
-53.200
-53.200
-53.200
-52.300
-53.200
-52.350
-52.717
-52.033
-52.283
-53.200
-51.800
-51.800
-52.931
-53.200
-53.650
-52.367
-53.207

Gen Bank Number
CR

12s

16s

Tyr

this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study

EF364263
EF364259
EF364263
EF364261
EF364263
EF364263
EF364262
EF364263
EF364263
EF364264
EF364263
EF364260
EF364263
EF364263
EF364263
EF364263
EF364263
EF364263
EF364263
EF364278

EF364289
EF364285
EF364289
EF364287
EF364289
EF364289
EF364288
EF364289
EF364289
EF364290
EF364289
EF364286
EF364289
EF364289
EF364289
EF364289
EF364289
EF364289
EF364289
EF364304

EF364355
EF364353
this study
EF364346
this study
this study
this study
EF364356
EF364357
this study
EF364347
EF364348
EF364350
JN692091
EF364352
JN692086
JN692087
JN692088
JN692079
JN692092
JN692089
EF364340
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Collection / Museum number

Lineage

Assignment

Country

Localities

Lat.

Long.

112 BM
121 BM
223PG
3027 T
363 CM
5 CM
JPC 10407
JPC 12038
JPC 12039
JPC 12075
JPC 12109
AJC 1053
AJC 1064
JPC 12073
JPC 14131
JPC 14651
JPC 14762
JPC 14960
JPC 15193
JPC 15615
JPC 10519
MUSM 31096
MUSM 31097
MUSM 31950
MUSM 31966
NMP6V 72378/1
NMP6V 72378/2
NMP6V 72378/4
NMP6V 74748
NMP6V 75552
LAJ210
MZUSP103261
NMP6V 71192/1
NMP6V 71192/2
NMP6V 71192/3
NMP6V 72373
NMP6V 72374/2
NMP6V 72377/1
NMP6V 72377/2
NMP6V 72377/3
MTD-TD 1772
KU 217490
KU 217491
QCAZ10253
QCAZ10254
QCAZ10255
QCAZ11597
QCAZ11598
QCAZ13882
QCAZ14607
QCAZ23161
QCAZ25023
QCAZ25025
QCAZ25032
QCAZ37244

2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7

lescurei
lescurei
lescurei
lescurei
castaneotica
lescurei
castaneoticus
typhonius
yunga
yunga
yunga
yunga
yunga
yunga
ocellata
ocellata
alata
alata
alata
alata
alata
alata
alata
alata
alata
alata
alata
alata

FG
FG
FG
FG
FG
FG
E
Br
Br
Br
Br
P
P
Br
Br
Br
Br
Br
Br
Br
E
Pe
Pe
Pe
Pe
Pe
Pe
Pe
Pe
Pe
Br
Br
Pe
Pe
Pe
Pe
Pe
Pe
Pe
Pe
Pe
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Litany
Saül
Haute Wanapi
Mitaraka-Sud
Kaw
Camp Sisam
Sucumbios
Para
Para
Para
Para
Para
Amazonas
Amazonas
Rondonia
Rondonia
Rondonia
Rondonia
Sucumbios
Cordillera Yanachaga
Cordillera Yanachaga
Rio Huatziroki, buffer zone of Pui Pui
Rio Huatziroki, buffer zone of Pui Pui
Tarapoto
Tarapoto
Tarapoto
Cordillera Yanachaga
Rio Huatziroki, buffer zone of Pui Pui
Tocantins, Lajeado*
Peixe Tocatins*
Puerto Almendr. 17–18 km SW Iquitos
Puerto Almendr. 17–18 km SW Iquitos
Puerto Almendr. 17–18 km SW Iquitos
Anguilla*
Anguilla*
Puerto Almendr. 17–18 km SW Iquitos
Puerto Almendr. 17–18 km SW Iquitos
Puerto Almendr. 17–18 km SW Iquitos
El Carmen-Pedernales
El Carmen-Pedernales
Reserva La Chiquita
Reserva La Chiquita
Reserva La Chiquita
Reserva La Chiquita
Reserva La Chiquita
Manta Real
Borbón
San Lorenzo
La Tortuga
La Tortuga
La Pedorrera
Valle Hermoso

2.433
3.617
2.575
2.267
4.483
4.183
-0.003
-3.345
-3.345
-3.345
-3.345
9.003
9.100
-3.345
-8.346
-8.346
-10.317
-10.317
-10.317
-10.317
-0.003
-10.567
-10.567
-11.118
-11.118
-6.513
-6.513
-6.513
-10.567
-11.118
-9.751
-12.025
-3.858
-3.858
-3.858
-3.910
-3.910
-3.858
-3.858
-3.858
-0.085
-0.085
-1.233
-1.233
-1.233
-1.233
-1.233
-2.512
-1.233
-1.268
-0.059
-0.059
-0.467
-3.502

-54.422
-53.207
-54.073
-54.533
-52.033
-52.367
-76.169
-54.560
-54.560
-54.560
-54.560
-78.749
-79.700
-54.560
-65.716
-65.716
-64.550
-64.550
-64.550
-64.550
-76.169
-75.383
-75.383
-75.2016
-75.2016
-76.479
-76.479
-76.479
-75.383
-75.2016
-48.358
-48.539
-73.325
-73.325
-73.325
-73.650
-73.650
-73.325
-73.325
-73.325
-79.704
-79.704
-78.760
-78.760
-78.760
-78.760
-78.760
-79.082
-78.760
-78.807
-79.957
-79.957
-79.983
-79.817

CR
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
-

Gen Bank Number
12s
16s
EF364279
EF364305
EF364278
EF364304
JN690720
JN691327
EF364279
EF364305
EF364278
EF364304
EF364278
EF364304
KF992150
KF992151
KY912601
KY912602
KF992152
KY912603
JN867546
JN867572
DQ158479
DQ158479
KR012605
KR012615
KR012601
KR012616
KR012602
KR012617
DQ158472
DQ158472
KR012603
KR012618
KR012597
KR012619
KR012578
KR012620
KR012577
KR012626
KR012596
KR012629
KR012582
KR012630
KR012604
KR012631
KR012592
KR012632

Tyr
EF364343
EF364341
JN692059
JN692065
JN692090
EF364342
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
KR012523
KR012524
KR012525
KR012526
KR012527
KR012528
KR012534
KR012536
KR012537
KR012538
KR012539
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Collection / Museum number

Lineage

Assignment

Country

Localities

Lat.

Long.

QCAZ37248
1 toe
10 toe
2 toe
6 toe
7 toe
AJC 1065
AJC 1066
CH9104
CH9192
MVUP2299
ROM 39448
ROM 42613
WES2008
AA 10006
AA9948
Bufo58
USNM 268825
1053 BPN
111AF / 2601MNHM
130AF / 2606MNHM
135AF / 2604MNHM
156 CM
157 CM
165 AF
229 PG
3022 T
67 BPN
786 BPN / UTA 55740
787 BPN / UTA 55741
808 BPN / UTA 55742
897 BPN / UTA 57775
898 BPN / UTA 57776
900 BPN / UTA 57778
901 BPN / UTA 57779
903 BPN / UTA 57781
904 BPN / UTA 57784
98AF / 2606MNHM
990 BPN
99AF / 2607MNHM
ROM 20654
MRT6313
MRT6317
IWU 334
KU 211756
MUSM 32713
MUSM 32715
MUSM 34237
MUSM 34238
NMP6V 72375
KU 217487
KU 217488
KU 217489
QCAZ18241
QCAZ23917

7
8
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
18
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
20
20
21
21
21
21
21
21
21
22
22
22
22
22

alata
alata
alata
alata
martyi
martyi
martyi
martyi
martyi
martyi
martyi
margaritifera
martyi
martyi
margaritifera
margaritifera
cf. margaritifera
cf. margaritifera
cf. margaritifera
cf. margaritifera
cf. margaritifera
margaritifera
margaritifera

E
P
P
P
P
P
P
P
P
P
P
G
G
V
Pe
Pe
Bo
Pe
S
S
S
S
FG
FG
S
FG
FG
G
S
S
S
S
S
S
S
S
S
S
S
S
G
Br
Br
Pe
Pe
Pe
Pe
Pe
Pe
Pe
E
E
E
E
E

Valle Hermoso
Cana, Boca Cúpe
Parque Nacional Soberanía
Parque Nacional Soberanía
District 7
District 8
Madre de Dios
Madre de Dios
Bioceanica
Madre de Dios
Lely Mts.
Brownsberg
Brownsberg
Brownsberg
Trijonction
Trijonction
Brownsberg
Haute Wanapi
Mitaraka-Sud
Bartica
Ralleighvallen
Ralleighvallen
Kayser
Road to Apura
Road to Apura
Road to Apura
Road to Apura
Road to Apura
Road to Apura
Goliathberg piste PK7
Sipaliwini
Goliathberg piste PK7
Kurupukari
Parå, Serra do Kukoinhokren
Parå, Serra do Kukoinhokren
Ayte*
Venceremos, 89 km NW Rioja
Ayte*
Ayte*
Rioja*
Rioja*
Anguilla*
Valladolid
Valladolid
Valladolid
Shaime*
Gualaquiza-El Ideal*

-3.502
9.100
9.100
9.100
9.100
9.100
9.100
7.766
9.076
9.079
5.4
-59.855
13.130
13.130
11.133
-12.83
4.273
4.867
4.867
4.867
2.333
2.333
4.867
2.575
2.267
6.357
4.715
4.715
3.095
5.219
5.219
5.219
5.219
5.219
5.219
5.320
2.027
5.320
4.667
-7.833
-7.833
11.290
-5.733
11.290
11.290
-5.643
-5.643
-3.910
-4.550
-4.550
-4.550
-4.317
-3.368

-79.817
-79.700
-79.700
-79.700
-79.700
-79.700
-79.700
-77.675
-79.659
-79.660
-59.95
5.121
-69.608
-69.608
-69.367
-69.28
-54.734
-55.217
-55.217
-55.217
-54.600
-54.600
-55.217
-54.073
-54.533
-58.658
-56.214
-56.214
-56.472
-55.897
-55.897
-55.897
-55.897
-55.897
-55.897
-55.410
-56.124
-55.410
-58.667
-51.917
-51.917
-74.921
-77.517
-74.921
-74.921
-77.7
-77.7
-73.650
-79.133
-79.133
-79.133
-78.667
-78.67

CR
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
-

Gen Bank Number
12s
16s
KR012595
KR012633
KR012598
KR012610
KR012599
KR012611
KR012600
KR012613
JN690759
JN691366
JN690762
JN691369
JN690763
JN691370
EF364277
EF364303
EF364277
EF364303
JN690765
JN691372
JN690771
JN691378
EF364277
EF364303
JN690766
JN691373
JN690761
JN691368
JN690787
JN691394
JN690788
JN691395
KY912606
KY912604
KY912605
KY912607
KY912608
KR012585
KR012625
KR012591
KR012628

Tyr
KR012540
KR012507
KR012521
KR012511
this study
this study
JN692045
JN692046
JN692048
EF364337
EF364337
JN692050
JN692051
JN692052
this study
this study
this study
this study
this study
this study
this study
this study
JN692043
this study
JN692044
this study
JN692075
JN692076
this study
this study
this study
KR012533
KR012512
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Collection /
Museum number

Lineage

Assignment

Country

Localities

Lat.

Long.

QCAZ3509
QCAZ38621
JPC 10596
KU 217495
NMP6V 71193
NMP6V 72379/2
QCAZ38477
QCAZ38512
QCAZ38560
QCAZ38688
QCAZ38755
QCAZ38892
QCAZ38998
1347 BPN
13873MTR
13874MTR
13878MTR
143 PG
JPC 15728
1343 BPN
1345 BPN
1346 BPN
1357 BPN
136 CM
1366 BPN
1368 BPN
137 CM
1466 BPN
1622 BPN
1623 BPN
1624 BPN
1626 BPN
1627 BPN
1628 BPN
165 BM
1657 BPN
1658 BPN
1659 BPN
1662 BPN
1664 BPN
1666 BPN
1667 BPN
1702 BPN

22
22
23
23
23
23
23
23
23
23
23
23
23
24
24
24
24
24
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

dapsilis
dapsilis
margaritifer
dapsilis
dapsilis
dapsilis
dapsilis
dapsilis
dapsilis
dapsilis
margaritifera B
margaritifera B
margaritifera B
margaritifera B
margaritifer
margaritifera
margaritifera
margaritifera
-

E
E
E
E
Pe
Pe
E
E
E
E
E
E
E
FG
Br
Br
Br
FG
Br
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG

Pinchincha
Villano K4*
Sucumbios
Locacion Petrolera Garz 1
5km NW of Tarapoto*
Tarapoto
Villano B*
Villano BII*
Villano B*
Villano K4*
Villano BII*
Communidad Kurintza*
Communidad Kurintza*
Kaw
Amapá, Lourenço
Amapá, Lourenço
Amapá, Lourenço
Kaw 2
Amazonas
Kaw
Kaw
Kaw
Kaw
Crique Margot
Kaw
Kaw
Crique Margot
Kaw
Saül
Saül
Saül
Saül
Saül
Saül
Montagne des Singes
Saül
Saül
Saül
Saül
Saül
Saül
Saül
Saül

0.000
-1.527
-0.003
-2.067

-79.383
-77.793
-76.169
-76.970

-6.513
-1.309
-1.309
-1.527
-2.064
-2.064
4.483
2.317
2.317
2.317
4.717
-3.515
4.483
4.483
4.483
4.483
5.467
4.483
4.483
5.467
4.483
3.617
3.617
3.617
3.617
3.617
3.617
5.083
3.617
3.617
3.617
3.617
3.617
3.617
3.617
3.617

-76.479
-77.579
-77.579
-77.793
-76.793
-76.793
-52.033
-51.645
-51.645
-51.645
-52.133
-59.903
-52.033
-52.033
-52.033
-52.033
-53.950
-52.033
-52.033
-53.950
-52.033
-53.200
-53.200
-53.200
-53.200
-53.200
-53.200
-52.717
-53.200
-53.200
-53.200
-53.200
-53.200
-53.200
-53.200
-53.200

Gen Bank Number
CR

12s

16s

Tyr

this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study

DQ158448
KR012606
KR012586
KR012587
KR012588
KR012607
KR012589
KR012608
KR012590
JN690784
JN690786
JN690785
EF364276
EF364266
EF364268
EF364266
-

DQ158448
KR012637
KR012634
KR012635
KR012636
KR012638
KR012639
KR012640
KR012641
JN691391
JN691393
JN691392
EF364302
EF364292
EF364294
EF364292
-

KR012516
this study
this study
this study
this study
KR012513
KR012514
KR012515
KR012517
KR012518
KR012519
KR012520
this study
JN692017
JN692018
JN692019
EF364312
this study
this study
this study
this study
EF364335
this study
this study
this study
EF364322
this study
-

Gen Bank Number

Collection /
Museum number

Lineage

Assignment

Country

Localities

Lat.

Long.

CR

12s

16s

Tyr

1703 BPN
1704 BPN
1705 BPN

26
26
26

-

FG
FG
FG

Saül
Saül
Saül

3.617
3.617
3.617

-53.200
-53.200
-53.200

this study
this study
this study

-

-

-

176 BM

26

margaritifera

FG

Crique Grand Leblond

4.583

-52.350

this study

EF364266

EF364292

EF364323

178 BM

26

margaritifera

FG

Crique Grand Leblond

4.583

-52.350

this study

EF364271

EF364297

EF364324

196 CM

26

margaritifera

FG

Kaw

4.483

-52.033

this study

EF364272

EF364298

EF364326

2 BM

26

margaritifera

FG

Approuague (CISAME)

4.183

-52.367

this study

EF364267

EF364293

EF364313

203 CM

26

margaritifera

FG

Saül

3.617

-53.207

this study

EF364269

EF364295

EF364327

2033 T

26

margaritifera

FG

Nouragues

4.117

-52.667

this study

JN690775

JN691382

JN692041

2034 T

26

margaritifera

FG

Nouragues

4.117

-52.667

this study

EF364266

EF364292

JN692033

2035 T

26

margaritifera

FG

Nouragues

4.117

-52.667

this study

EF364266

EF364292

JN692032

217 CM

26

margaritifera

FG

Grand Santi

4.333

-54.250

this study

EF364269

EF364295

EF364329

225 CM

26

margaritifera

FG

Piste St. Elie

5.283

-52.054

this study

EF364266

EF364292

EF364330

2539 T

26

margaritifera

FG

Pic Matecho

3.750

-53.467

this study

JN690779

JN691386

JN692028

284 CM

26

margaritifera

FG

St. Elie

4.833

-52.250

this study

EF364266

EF364292

EF364336

290 CM

26

margaritifera

FG

Camp Canopé

4.883

-52.714

this study

EF364266

EF364292

EF364332

294 CM

26

margaritifera

FG

Camp Canopé

4.883

-52.714

this study

EF364266

EF364292

JN692029

307 PG

26

margaritifera

FG

Toponowini

3.079

-52.803

this study

EF364266

EF364292

JN692022

361 CM

26

margaritifera

FG

Lucifer

4.767

-53.917

this study

EF364266

EF364292

JN692031

420 PG

26

margaritifera

FG

Mont Kontika

3.933

-54.205

this study

JN690776

JN691383

JN692025

421 PG

26

margaritifera

FG

Mont Kontika

3.933

-54.205

this study

EF364266

EF364292

JN692026

479 PG

26

margaritifera

FG

Mont Kontika

3.933

-54.205

this study

JN690778

JN691385

JN692040

74 AF

26

margaritifera

FG

St. Georges

3.890

-51.800

this study

EF364266

EF364292

JN692020

92 BM

26

margaritifera

FG

Approuague (CISAME)

4.183

-52.367

this study

EF364275

EF364301

EF364314

USNM 291370

26

-

FG

Cayenne

-

-

this study

-

-

-
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Supplementary Table 4. Species, Records, and AUC Scores. A list of all species used to
generate stacked species distribution models, the number of unique locality records used for
each, and the AUC score of individual SDMs under each historical scenario.
Past
Present
Future
Unique
Species
Locality
AUC
AUC
AUC
Records
Adelophryne gutturosa
7
0.976
0.959
0.949
Adenomera andreae
69
0.802
0.815
0.805
Adenomera heyeri
14
0.795
0.948
0.934
Adenomera hylaedactyla
30
0.783
0.794
0.816
Adenomera lutzi
20
0.985
0.969
0.995
Allobates femoralis
59
0.792
0.844
0.856
Allobates granti
14
0.875
0.931
0.941
Allobates marchesianus
5
0.872
0.741
0.943
Allophryne ruthveni
15
0.842
0.795
0.771
Amazophrynella minuta
19
0.855
0.864
0.726
Ameerega hahneli
13
0.829
0.839
0.837
Ameerega picta
5
0.867
0.879
0.866
Ameerega trivittata
14
0.882
0.835
0.858
Anomaloglossus baeobatrachus
93
0.905
0.912
0.943
Anomaloglossus beebei
7
0.998
0.995
0.993
Anomaloglossus kaiei
11
0.997
0.988
0.992
Anomaloglossus megacephalus
10
0.993
0.991
0.995
Anomaloglossus praderioi
5
0.998
0.998
0.996
Anomaloglossus roraima
7
0.999
0.999
0.999
Anomaloglossus sp Mitaraka
7
0.997
0.986
0.960
Anomaloglossus stepheni
23
0.861
0.802
0.864
Anomaloglossus surinamensis
29
0.869
0.923
0.938
Atelopus flavescens
5
0.917
0.922
0.946
Atelopus franciscus
6
0.901
0.980
0.993
Atelopus hoogmoedi
21
0.861
0.900
0.884
Boana aff. Semilineata1
14
0.853
0.891
0.918
Boana benitezi
8
0.875
0.868
0.906
Boana boans
75
0.742
0.720
0.707
Boana calcarata
18
0.833
0.859
0.815
Boana cinerascens
15
0.775
0.838
0.796
Boana diabolica
14
0.860
0.936
0.953
Boana fasciata
10
0.870
0.905
0.809
Boana geographica
46
0.764
0.785
0.754
Boana lemai
7
0.998
0.995
0.995
Boana multifasciata
18
0.808
0.866
0.836
Boana punctata
6
0.943
0.905
0.939
Boana raniceps
11
0.963
0.953
0.951
Boana sibleszi
17
0.966
0.975
0.952
Boana wavrini
18
0.891
0.832
0.917
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Ceratophrys cornuta
Chiasmocleis shudikarensis
Ctenophryne geayi
Dendrobates leucomelas
Dendrobates tinctorious
Dendropsophus counani
Dendropsophus goughi
Dendropsophus leucophyllatus
Dendropsophus marmoratus
Dendropsophus microcephalus
Dendropsophus minusculus
Elachistocleis bicolor
Elachistocleis ovalis
Hamptophryne boliviana
Leptodactylus guianensis
Leptodactylus knudseni
Leptodactylus longirostris
Leptodactylus myersi
Leptodactylus mystaceus
Leptodactylus pentadactylus
Leptodactylus petersii
Leptodactylus rhodomystax
Leptodactylus riveroi
Leptodactylus rugosus
Leptodactylus wagneri
Lithobates palmipes
Lithodytes lineatus
Myersiohyla chamaeleo
Myersiohyla kanaima
Osteocephalus leprieurii
Osteocephalus oophagus
Osteocephalus taurinus
Otophryne robusta
Otophryne steyermarki
Phyllomedusa bicolor
Phyllomedusa hypochondrialis
Phyllomedusa tomopterna
Phyllomedusa vaillantii
Physalaemus cuvieri
Pipa arrabali
Pipa aspera
Pipa pipa
Pristimantis chiastonotus
Pristimantis espedeus
Pristimantis gutturalis
Pristimantis inguinalis

8
6
8
11
13
14
21
19
8
8
13
5
10
5
46
31
26
10
79
20
28
37
25
23
44
14
15
6
13
29
17
66
5
6
26
10
8
16
19
10
6
24
35
7
8
6
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0.852
0.955
0.855
0.802
0.767
0.863
0.780
0.792
0.906
0.810
0.882
0.819
0.946
0.760
0.784
0.828
0.821
0.797
0.736
0.814
0.852
0.896
0.930
0.814
0.832
0.851
0.750
0.997
0.819
0.862
0.838
0.932
0.994
0.793
0.762
0.857
0.918
0.917
0.980
0.804
0.819
0.863
0.915
0.829
0.961

0.912
0.906
0.872
0.778
0.871
0.906
0.812
0.821
0.912
0.715
0.874
0.910
0.755
0.920
0.759
0.729
0.855
0.815
0.775
0.823
0.763
0.896
0.869
0.933
0.840
0.793
0.841
0.778
0.996
0.785
0.919
0.849
0.894
0.993
0.800
0.782
0.801
0.886
0.833
0.949
0.937
0.827
0.901
0.962
0.856
0.985

0.831
0.907
0.858
0.851
0.878
0.859
0.767
0.759
0.883
0.787
0.980
0.773
0.798
0.737
0.763
0.840
0.834
0.818
0.832
0.781
0.888
0.866
0.950
0.854
0.778
0.762
0.864
0.996
0.808
0.863
0.785
0.991
0.992
0.806
0.752
0.881
0.804
0.905
0.935
0.810
0.936
0.988
0.920
0.950

Pristimantis jester
Pristimantis pulvinatus
Pristimantis saltissimus
Pristimantis zeuctotylus
Pseudis paradoxa
Rhaebo gutttatus
Rhaebo nasicus
Rhinella castaneotica
Rhinella lescurei
Rhinella margaritifera
Rhinella martyi
Scinax boesemani
Scinax nebulosus
Scinax wandae
Scinax x signatus
Sphaenorhynchus lacteus
Stefania ackawaio
Stefania ayangannae
Stefania coxi
Stefania evansi
Stefania woodleyi
Synapturanus salseri
Tepuihyla edelcae
Trachycephalus coriaceus
Trachycephalus typhonius
Vitreorana gorzulae

5
8
7
32
9
59
9
31
6
24
30
21
11
9
8
5
5
7
6
14
11
14
6
5
22
5
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1.000
0.995
0.957
0.846
0.742
0.742
0.985
0.904
0.942
0.934
0.920
0.850
0.874
0.999
0.876
0.860
1.000
0.999
0.999
0.994
0.996
0.907
0.999
0.836
0.766
0.993

0.999
0.979
0.961
0.896
0.760
0.765
0.987
0.919
0.923
0.942
0.901
0.877
0.905
0.996
0.848
0.911
0.997
0.997
0.998
0.966
0.990
0.923
0.914
0.948
0.746
0.972

0.996
0.992
0.983
0.884
0.768
0.726
0.970
0.947
0.939
0.974
0.901
0.797
0.901
0.997
0.793
0.934
0.993
0.992
0.995
0.983
0.988
0.814
0.953
0.921
0.730
0.983
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